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IXmVARD 


The  purpoee  of  thie  eiu^sr  vao  to  derelc-  d-.La  cn  eels-,t«d  Dedie&l  eifeota 
for  use  e»  i'^puta  to  an  ovez^-alx  Xaeloar  Weepona  Caau&ltlaa  F^^naa  apcnaorad 
hgr  the  Air  force  lutelligenca  CenW.  Tha  publicAtloc  sf  tbla  report  doea  not 
conatltute  approval  hf  the  Air  force  of  ene  xindln^  or  eoncluaicme  herein. 


Hw  purpoM  of  this  ptrt  of  the  report  is  to  stHBarise  the  caooelty  dbta 
to  be  U7ed«  The  bi»bbu7  vlll  be  0.*'*on  by  Chaptcx'  uui  PectLon  of  tiw  report. 

1.  Chapter  Z.  Section  1. 

The  data  to  be  used  for  early  ''ssualtiea  fz  'i  my  high  neutron  plus 
gaaaa  dose  are  given  in  Figure  1.  Ih-s  figure  gives  the  average  nuaber  of 
oerztnmel  eho  are  capable  of  perfoxoing  duties  in  the  first  eight  hours  after 
irradiatiou.  fbr  exMiple.  of  the  personnel  can  perfon.  duties  if  the 
irradiation  level  was  7000  r.  Bovever.  the  same  30^  may  not  oe  included  in 
the  "effective"  oieaa  for  all  tiaea  during  the  firat  eight  hours.  Thus,  one 
group  of  509(  aay  bo  effective  at  one  tine  and  aooe  of  the  group  nay  be  re- 
plased  by  others  at  a  later  tine.  One  cannot  say.  therefore,  that  &e  pffeo* 
tlve  group  will  always  consist  cf  ths  ssas  psopls. 

n.  CSuipter  Z»  Section  2. 

The  pvrViMnt  equation  for  osloulation  of  effeotlve  Joss  at  tine  t  urdsr 
an  Ivxediatlcn  rate  rAiour  ir  given  by  2.p  with  f  ■  0.20  and  .73  ^ 


.90. 


for  partial  bo4y  irradiation^  the  pertinent  equatior  la  2.4  witii  f  0.41. 

3.  Chaptsr  I.  Ssction  3. 

It  is  oonoluded  hsrs  that  the  BBS  of  V  or  x-Tadiatlons  relative  ic  230  kvp 
x»rsys  is  unity  if  ahsorbsd  doss  is  used  as  oaleulaisd  by  8q.  2.4.  Ssction  2. 

It  is  ooncludsd  tint  there  is  inoufflolent  Infonatlon  to  imrrsnt 

setting  tin  SEE  of  thsxwl  or  fast  neutrons  at  a  value  otlnr  tium  walty  rsls* 
tlvs  t.  X  or  y  xuys. 
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4.  Chap tor  II,  CeD@r«Q.  Observaticns. 

Thii«  Chapter  contains  Bcze  fiisctuinlon  of  tt.c  ^ffecto  of  clothing  wii  the 
offecta  of  exposiir©  to  partial  pulcea  from  largo  iraapona.  Both  of  thesa  cab- 
jects  poTtain  c,ire  to  the  "enviroaaontal  contract”  tlian  to  this  ooutract  and, 
consequently,  more  diecuaslon  of  thoea  phenonona  will  appear  in  the  final 
report  on  Contract  AP33(600)-40r^l7. 

The  pertinent  data  on  thermal  bum  casualties  are  given  in  Table  8,  idiich 
treats  depth  of  bum  for  a  given  oxposure;  T«ible  2.1  which  gives  the  timo  to 
hypovolewic  shock  versus  dopth  of  bum  and  area  bumodf  and  Section  4  which 
discusses  clinical  aspects  of  bum  injury,  Ineapaoitation  Cute,  bums  to 

critical  areas,  repair  tinea  a2;d  prognosis. 

5.  Cb<.y1;er  III,  Section  1,  Part  1. 

The  critical  translational  speed  for  Injury  is  shown  to  be  20  ft/sec. 

6.  Chapter  III,  Section  1,  Part  2. 

It  is  shown  that  5  psi  overpressure  should  he  taken  as  the  critical  over- 
frassure  for  serious  injury  or  death  to  pereonnel  in  roono  or  buildings.  3  psi 
is  shown  to  be  ressonahle  for  pereonnel  in  city  streets. 

7.  Chapter  III,  Section  1,  Part  3. 

Figures  2*  5,  4  and  5  give  the  .-'pseds  obtained  by  men  axid  oissiles  for  toe 
rase  of  free  translation  in  the  open. 

8.  Chapter  III,  Section  2. 

The  critical  overpreeeure  for  direct  hlnet  injury  (i.e.,  injury  fron  toe 
uiock  wave  alone  with  no  translation)  is  shown  to  bs  35  pel. 

9.  Chapter  IV. 

The  only  inportai’.t  claec  of  oombined  injury  shown  ho  tlMiBSlHcnhsIea^ 
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radiatlm*  Injury.  Iha  perl^Mnt  oonoluslons  ar*  0lT«n  at  tha  vary  and  i<  the 
Chapter. 
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I.  CASUAI-XIBS  ISCM  BUCIXAR  RAUXiHOV 


Section  .  Early  laopacitatLon  from  Hijjfa  PoBe;^  c:f  y-«y  and  Ifaatrongt 

Sy  far  the  icost  ueoful  data  on  early  Incapacitation  fron  TT-raya  is  cct- 
talnod  in  Reference  1.  Ve  dah  to  develop  hare  the  beat  interpretation  of 
the  experimental  data  ao  aa  to  predict  the  fraction  of  personnel  that  is 
operationally  effective  after  rcijeiving  full-body  doses  of  from  ICOO  r  to 

?0,0C0  r.  The  time  period  of  interest  will  be  the  first  ei^^t  hours  after 
receipt  of  the  dosage.  In  Section  2.  of  this  Chapter,  effects  of  lover  acute 
doses  and  chronic  doses  will  he  discussed. 

In  the  experiment  of  Reference  1,  separate  groups  of  four  monkays  each 
vere  trained  to  avoid  an  electrical  shock  by  taking  tha  proper  action.  2b» 
rtniTHAi  ia  placed  in  a  box  which  haa  a  100  watt  laaq)  in  tha  center.  Vhan  this 
lamp  liedits  and  a  huszer  sounda,  the  animal'  lauat  run  from  one  end  of  tiia  cage 
to  the  other  to  avoid  shock*  If,  however,  a  buaser  ia  sounded  without  lighting 
the  lamp,  <110  animal  avoids  shock  by  standing  still,  Ihe  authors  of  tha  ra- 
'K/x  t  realized  that  tha  non-running  reaction  was  a  simpler  proeess  than  ^ 
running  reactloni  hut,  it  seems  to  us,  tiiey  did  not  realise  the  ihll  isfort 
of  Ihis  difference. 

Unis,  tha  running  responae  at  iae  eignal  of  light  and  buaser  shews  mot 
only  that  the  animal  ia  still  thinking  but  that  ha  can,  or  will,  translate 
his  thoughts  into  action*  The  non-ruzmieg  reaction,  on  tiie  ol'isr  iead,  baa  In¬ 
dicate  one  of  two  tUngst 

(a)  That  he  properly  interprets  the  sigBal  and  takes  ^  aotion 

(none^ 

(b)  ihat  the  signal  does  not  register  or  't  he  is  to  it. 
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l«e.,  that  for  aoae  reaaon  he  ibea  not  ^.apond  to  the  signal  at  all. 

The  eeparate  groups  of  four  monkeys  each  vere  tested  tm  the  two  types  uf 
reactirai  prloi-  tO'  radiation  and  a  base  line  rat^o  ox'  euccesseo  to  failuires  was 
recorded.  The  several  groups  were  than  given  1000  r,  2500  v,  5x0  r,  10,000  r, 
20,000  r  and  30,000  r,  reepe  tivoly.  They  were  then  z'etested  after  irradiaticp. 
After  radiatior,  the  scores  of  the  separate  groups  were  unifcnuly  higher  when 
the  nonr'Zttnning  reaction  was  tested  end  quite  sharply  lower  when  the  running 

reaction  was  tiled.  This  indicated  that  two  factors  were  involved: 

1.  A  probability  that  the  monkey  could  or  would  respond  at  all. 

2.  A  probability  that  his  response  would  be  correct  ±f  he  did  respond. 

To  formulate  this  mathematically,  let 

IT^  B  probability  that  the  monkey  will  act  in  such  a  way  as  to  avoid 
ehodc  when  the  non-running  signal  Is  given, 
ir^  B  probability  that  t!«  monkey  will  act  so  as  to  avoid  hhock  when 
the  running  signal  is  given. 

B  probability  that  the  signal  registers  mentally  and  results  in  a 

decision  to  ac*-.  i.e.,  the  probability  that  the  mozikey  will  respond. 

P.  B  probability  that  if  he  deddes  to  act  he  will  act  successfully  so 
s 

as  to  avoid  shock. 

How,  TT^  and  ir2  are  given  diz'actly  tron  the  ezpezluontal  data.  Frooi  TT^ 
and  ^2  ve  wish  to  calculate  and  in  order  to  eeo  if  the  peculiar  behavior 
after  ixraciation  is  due  to  loss  of  mental  function* 

.tn  order  to  get  a  sucoessful  trial  in  the  case  of  IT^,  the  moidoeiy  Boat 
both  respond  to  the  signnl  and  act  oorrectly.  In  otbar  words, 

(1)  iTi  .  r,.  P3 

In  order  to  gst  a  successful  trial  in  the  ttts  BX>Dkey  can  aithur 
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renpond  to  the  elgoal  and  take  the  correct  action,  or  he  can  be  Indifferent  or 
unable  to  respond.  Kathenatically  this  means, 

(2)  Ttj  =  Fj,  *  (1  -  P„) 

From  the  actual  eTperliaental  data  e-..  are  given  TT^  and  TTg.  Froo  these  we  can 

ooBiputd  and  The  reauita  are  shown  In  Table  1. 

The  same  groups  of  monkeys  hau  taken  the  uuio  tents  prior  to  irradiation. 

In  the  pre-irradiation  testa,  the  groups  nearly  uoifoxraly  responded  to  the 

running  signal  more  accurately  than  they  did  to  the  non~runrdJ!g  sitpial  -  Thus, 

the  concept  of  response  is  not  valid  for  the  pre-irradiation  case.  Hence,  wo 

have  listed  P.',  the  average  of  the  running  and  non-running  scores  prior  tc 
3  t 

irradiation,  as  an  efficiency  to  compare  with  P^. 

In  looking'  at  Table  1,  one  should  note  that  in  two  Instances  TT^  exceeds 
77’2*  Vhen  this  happens  we  have  listed  P^  as  1.00.  The  stochastic  nature  of 
the  dr  ta  can,  of  course,  result  in  cases  where  P^^  exceeds  unity.  However,  one 
ojvmot  fail  to  note  two  most  important  points  about  Table  1.  These  are: 

(a)  The  accuracy  of  the  monkey's  decision  if  he  can  or  chooses  to  respond 
is  not  impaired  by  xedlatlc.  . 

(b)  nie  concept  of  a  response  probability  appears  valid  and  the  failure 
to  respond  accounts  for  the  difference  between  pre-  and  post-lzradlation 
behavior. 

To  illustrate  point  (a)  we  list  tlw  average  value  of  Pg  for  tiie  four 

teste  and  compare  it  with  the  average  of  P^'.  The  result  appears  in  Table  2. 

In  iha  cases  B  and  F,  there  was  only  om  post-irradiation  test  to  compare  with 
the  four  pre-lrradiafcion  tests,  i.e,  no  monkeys  responded  af  tier  cero  houra, 
fable  2  indicates  that  radiatlou  does  not  impair  the  mental  acuity  of  the 
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Table  1 


2500 


5000 


10,000 


20,000 


50, 'O 


20,000 


30,000 


Befaayier  of  Konkey  tedi>tlo«^Srout>a^»ft*^’ jjrtjdlattvq 
Time  of  Test 


in  Houra  After 

-li 

L  Jfl 

?  ' 

Jrra^-fetlcm 

0 

.47 

.78 

.69 

.68 

.81 

A 

1 

.75 

.80 

.95 

.79 

.72 

A 

4 

.80 

.75 

1.00 

.80 

.74 

8 

.75 

.88 

.37 

.86 

.90 

0 

.30 

.75 

.55 

.55 

.79 

s 

1 

.83 

.66 

l.CO 

.83 

,80 

4 

.58 

.83 

.75 

.77 

.75 

8 

.75 

.98 

.77 

.97 

.80 

0 

.33 

.90 

.43 

.77 

.70 

A 

1 

.40 

.93 

.45 

.89 

.02 

L 

4 

.43 

.83 

.55 

.78 

.87 

8 

.42 

.95 

.47 

.89 

.87 

0 

.25 

1.00 

.25 

l.CO 

t62 

1 

.42 

.90 

.52 

.81 

.78 

1) 

4 

.48 

.90 

.58 

.83 

.78 

8 

.54 

1.00 

.54 

i.OO 

.82 

1 

0 

.20 

.94 

.26 

.77 

.67 

(no  r»dpon85:- 

at  all 

after  eero  hoyrs) 

T 

0 

.96 

.23 

.83 

.81 

\ao 

reeponse  at  all 

after  sero  houra) 

1 

.75 

3 

4 

.80 

0 

.90 

1 

T  4 
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P09  pm  CU  -^2  CQCDGD~4  GD-^rp-^  SjD~J--3CC 

K)om  oov^  5*-'  R-4  rocP03^>  >^^100  ovnov^ 


•ocks^.  Sm  concluBlon  is  tbAt  If  c«r  ^'.r  will  itspoud  xtt  ntlaull,  hi? 
jud0Mnt  in  ■aloctin^  the  correct  cctiret  of  act*. on  is  unliap«ire<^. 


i 

B 

C 

S 

s 

1 


foible  2 


The  Hr"tal  ftolli*?  of  t:.e  Honker  ^fp?e  end  After 
Imdlatlot.  ••  }(a<u9\Q-ed  br 

_/g  (j-.'Uatlon;  Pj'  {no  radlntian) 


.78 

.79 

.78 

.79 

.83 

.82 

.91 

.75 

.77 

.78 

.83 

.82 

Althovfh  It  ie  of  philoso^Mc  interest  that  th*  aockej  is  unlapairel 
MDtallj’,  we  are  atill  faced  with  the  fact  that  lie  does  net  reepend.  Ifaufi, 

Pg  cf  Table  1  aeaeurea  the  capability  of  the  aonkey  after  irradiation.  Since 
Pj  la  relatively  constant  vrraus  tiae  over  the  nasiod  of  0  to  8  hcuis  for 
each  doee,  we  have  plotted  P^  (average)  versus  dose  in  Piihcre  1,  In  the 
abeence  cf  any  better  knowledge  to  the  cjntre!^,  this  Plgure  should  be  l->- 


teroreted  as  giving  the  percentage  or  cii active  personnel  rereus  doee  in 


first  eight  hour  period.  In  using  this  Pigure,  it  should  be  carefully  noted 
that  the  aaae  persoun^l  will  not  neoeasarily  be  in  the  effect! re  grovQ)  at 
each  tiae  suheriuent  to  irradiation.  Thus,  it  vaa  obee-ved  ttiat  although 
say  60)1  of  the  aonkeye  aznosed  to  2000  r  were  effectl>e  at  tiae  8  after 
irradiation.  8Qf(  would  again  be  effective  si  soae  ^ater  tl^  S  after 
irrediallcn  b-t  that  the  particular  sonkeye  iiiTolved  sere  not  the  aeae  at 
the  two  different  Uaee.  Ir  other  words ,  som  aan  exposed  to  a  d^e  I)  say 
be  effective  over  on#  ps’-iud  mci  oor  at  a  wub#e(;’'eot  period  ard  vice  verea. 
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*  k* 


To  svmmfirise  the  monkey  (ln.ta«  ve  can  aayt 


1.  ■'t  has  been  conclusively  that  the  S'.actal  ability  of  the  moiikey 

is  not  impaired  by  hifji  doses  of  radiation  over  the  period  0  to  8  hours  r^st 

irradiation.  Hia  ability  or  deeira  to  translate  a  thouj^it  into  action  is  the 

quantity  rhich  has  been  degraded,  'nie  ability  or  desire  to  act  le  measured 

by  the  probability  P  . 

R 

2.  Figure  1,  therefore,  shove  a  plot  of  P  versus  radiation  dose  aui-ir;; 

R 

the  eight  hour  post  irradiation  period.  The  s.erage  value  cf  P„  f';r  tlip 

A 

various  times  after  irradtatirn  is  plotted  in  each  cast,  e.g. ,  for  a  doce  of 
5000  r.  the  averages  of  the  numbers  .4’,  .45,  .55  ai>d  .47,  ><b  ahovm  in  Table, ■ 
is  plotted  as  the  ordinate  at  50CC  r. 

3.  one  cannot  saj  that  the  human  and  the  mo.-ikey  will  behave  the  sai.e, 

J*  V  ad  etmilRT  experiments  on  say  dogs,  porpoises  and  ether  h.lgher  forms 
of  -Jial-an  '  '.fe,  and  if  those  experiments  all  yielded  the  same  genoral  re- 
oult,  ohs  would  U.  )n  have  some  confidence  that  the  resulte  would  also  he 
appliciihlo  t'  man.  Our  only  oonclnsion  is  tnat  tliese  are  the  only  cc.ta  avail 
able  and  hence  must  be  u.-^d  rvltn  the  nope  that  they  apply  to  man. 


*  » 


t 

Vow,  tha  fiT  (t)  dv  amst  be  cleerly  imderstood  to  be  tbs  total  aTerage 
abaosbed  dose  In  the  anioal.  is  ve  ahaM  see  ister,  the  dosage  ^azi  be  rather 
sharply  attenuated  throughout  the  body  of  the  onlaal  so  long  as  tha  average 
dose  Is  ceaputed  and  then  treated  si  choiudi  this  average-  doee  bad  lesn  abaorbed 
’miformly  throug^iout  the  body  the  an*aal. 

Solving  2.1  and  2.2,  one  finds 

H,-0-f)e'“fl(r)6'^^dr 

"o 

The  tota].  effective  doee  at  any  tiae  t  ie  nov 

2.3  ir(r)e^^dr 

"o  o 

the  expression  is  to  be  interpreted  predscly  as  follows i 

0.vsn  an  aniaal  joixilation  whi.ch  has  been  exposed  to  the  radiatlcn  dosage 
(t)  for  tiae  t,  the  does  C^,  as  calculated  frta  2.^,  ie  exactly  equivalent 
in  Mortality  to  the  seae  doee  0  given  instantaneously.  It  is  aaewed  that  the 
Bortallty  for  a  given  C  wovud  be  deteralned  experlaeotally  by  etopplng  the 
irradiation  at  tine  t  and  observing  any  further  deutha  idiich  sight  occur  in 
Him  next  thir^  days.  In  other  words,  the  effectlw  doact  for  chronic  irradia¬ 
tion  as  oalculated  froa  2.?  is  equivalent  to  an  acute  ioee  r>f  the  aaae  nagnltude 
sc  far  as  aortallty  ie  ooncemed.  Ve  have  u:  data  to  support  late  equivalence 
so  far  as  how  the  aniaalr  *feel*  is  c»ncemed. 

One  notes  that  2,3  is  eveily  applisv  to  a  fall-out  field  pr:<Hd«d  tisat  the 
energy  distrlbutlcD  of  t^'e  fsll*out  o  'a  is  knc'Ti  well  enewgr  to  coaput*  the 
abeorbee  doee  or  provided  the  rbeorbed  dcec  ie  knem  tapirloally.  Knowledge 


m 


of  absorbed  doee  would  be  neceesaiy  in  any  soni-eoiplrlcal  theoi/;  how'/w. 
The  Juatificatien  of  the  eupirlcal  values  oi  f  and  /S  la  aaply  covered 

I 

in  Reference  1.  and  will  not  roe  repeated  here.  The  beat  values  frm  animal 
ezperinente  turn  out  to  be 


f  ^  0.20 


for  all  apeciea. 

The  Irreparable  factor*  la,  however,  the  easier  to  aeasure  and  hence  more 

r-fi 

confidence  ahould  be  placed  in  it.  c  co\ild  conceivably  be  aa  larfte  as 
0.90(  but  it  appears  that  0.73  is  a  better  value. 

Rgtlal  Body  Irradiation 

Partial  body  irradiation  erperiaents  ai-e  of  intereat,  not  only  because 
such  exposures  could  occur  in  nuclear  war,  but  also  because  they  shed  llfht 
on  the  problaai  of  r.on-ua'' fora  dosfje  due  to  attenuation  of  the  ^f-ray  field 
in  the  body,  k  theory  cf  partial  body  exposure  which  seeas  to  fit  the  observed 
facte  is  the  following: 

il'e  prijaaiy  daacge  which  causes  r->diatlon  deatc  is  daaage  to  the  hena- 
topoletic  system  whicn  coiuiste  of  the  bone  marrow,  lymphatic  syeteo  and  the 
If  the  spleen  is  given  the  rroper  weight,  eay  cf  the  heaetopoiotic 
lystea,  tben  one  any  say  that  •  does  1;  to  a  fraction  y  of  the  syeter  is  equiva¬ 
lent  to  a  full-body  does  of  3*y.  The  spleen  must  be  treated  eeparmtely  since 
it  is  the  only  highly  localised  pcrtion  of  the  systea. 

iippeodix  1  gives  a  resute  of  some  of  the  beet  experimental  data  on  partial 

•  9.  Eictueleon  at  Rochester  has  recen-ly  veiifie^  this  value  of  f  for  df/rr 
idien  the  period  betwesu  receipt  of  does  and  ■eesureciec.t  of  tie  LIV50  wns  as 
long  as  oLne  months  to  one  year. 
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bo.^y  in.'adiation,  which  we  have  founel  to  date.  A  brief  diaciiaaion  of  the 
experlmentB  of  Appendix  a  ia  in  order  to  llluetxute  some  of  the  diiTimltlee 
encountered  ia  partial-body  irradiation  experiments  and  In  the  analyeie  of 
those  experiments*  There  is.-  .  '^Tever,  probably  an  important  conclusion  ia 
this  AT?'’. 

Er-periment  A-1  of  Appendix  A  give'-  Jacobson's  original  woik  on  the  effect 
of  spleen  ohlelding  in  mice.  The  IiI>-50  of  the  mice  used  In  this  experiment 
(CP-l)  las  stated  to  be  550  r.  As  noted  in  our  final  report  of  1  March  1955# 
the  LD-50  of  mice,  if  taken  properly,  is  probably  in  the  700  to  900  r. 

Lower  values  are  usually  obtained  by  experimenters  due  to  failure  to  measure 
badcscatter.  Hence,  depending  on  the  conditions  of  backscatter,  a  value  of 
530  r  is  acceptable  and  comparison  with  tho  LD-50  of  spleen  shielded  mice  Is 
’'alid  provided  the  cond.-'tions  of  backscatter  are  tiie  same  for  both  controls 
end  spleen  siilelded  mice. 

Figure  2*1  gives  a  plot  of  doso  versvs  percent  deaths  for  spleen  shielded 
CF*  1  edee.  The  LD-50  new  turns  out  to  be  950  r,  isn  Increase  of  a  factor  of 
1.7  over  the  controls.  This  result  is,  without  question,  statistiLcally  adg- 
nlf leant.  Ibifortunately,  Jacobson  psrfotned  a  second  experiment  iddch  yields 
significantly  different  results  (higher  effect  of  spleen  shielding).  Thia 
cecond  experiment  is  hard  to  explain.  Home  ccianents  on  It  will  be  glvu.  below# 

Row,  probably  the  best  pei  tlal-body  irradiation  experiment  which  we  have 
reviewed  is  that  of  Bond,  et  al,  which  is  summarited  as  Experiment  A-2  in 
Appendix  A.  !%e  experimsrt  of  Bend  is  good  bocause  it  was  done  earefOllj. 
Tisnue  .'ess  was  measured  with  care  and  ncattered  dosage  intc  the  Shielded  re¬ 
gions  of  tho  animal  was  measured.  Thus,  the'  dco.*''* .  vil  tissues  and  prlnoipal 
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orgmb  is  kuown, 

Ic  i8  1.  Jeresting  to  attflnpt  to  axplaJLn  the  rfyaUa  of  the  Jacobaon  atul 
Bend  experlmenta  on  a  simple  hypothesis.  Since  the  spleen  appears  to  he  a 
vital  factor  in  radiation  recov  vrj,  pre'nv^bly  in  reoo'.mzy  of  the  haesatopoie-> 
tic  e/stoB,  lot  UB  aasuas  that  the  spleen  contilhutee  a  ftraotlon  f  to  the 
hcaxatopoletlc  system  aad  that  the  r«ist  of  the  body,  bone  marrov  and  periiaps 
other  organs,  contribute  a  factor  1-f.  If  P  is  tiie  dosage  to  the  spleen  az;d 
is  the  dosage  to  the  rest  of  the  body,  let  vai  assume  that  the  equivalent 
full-body  dosage  for  the  ease  5  P-  is 

8  15 

S.4  B,  -  B,t  +  (1-f)  Dj 

If  l<  =  pQ  =  P,  the  full-'''ody  irradiation  case,  then  P_  »  P. 

OR  8 

Frcm  Jacobson's  experiment,  ehen  S.  <■  Dq  ■  D,  Ihe  LP-^O  is  330  r.  Vheci 

8  j5 

p  a  0,  the  LP-50  la  930  r,  hence 

930  (1-f)  »  550 
or  f  M  .41* 

Returning  now  to  the  Bond  .operime&t,  for  the  case  where  the  rat  was 
abdominally  shielded,  the  dosages  were 

Bjj  -  r57  Tij. 

P-  here  is  the  average  dose  to  other  body  tlsm’ss.  Bond  {^vee  the  ZJi-50  of 

R 

the  abdominally  shielded  rats  as  1950  r.  Bence,  froa  Iq.  2,4  using  f  *  .41} 
as  detexained  by  Jacobson,  one  finds  for  P^  with  P^  set  eq[ual  to  tits  observed 
U>-50. 

®e  '  +  .57  X  .59)  -  740  r. 

Tor  Bond'k-  second  oasc  where  the  abdamen  it  irraid'.at«‘.  and  tiie  rest  of 


th^  shielded,  one  has 

D.  =  1.05  D, 

B  A 

Up  =  .52  D^. 

In  tills  case,  the  lil>>50  tuzti>  d  cut  to  be 

U>-50  «  1025  r. 

5hus  2)^  ■  (.59  x  .52  +  1.03  x  .41). 

How*  since  *  1025  r 

«  750  r. 

These  xesnlte  are  interesting  since  in  each  case  the  equivalent  full-'bcdy 
LI>>50  is  shout  shat  Bond  observes  in  his  laboratorvr  He  stctes  that  tho  Ur* 

50  for  these  rats  lies  between  650  and  750  r. 

There  axe,  of  cource,  .mas7  cauticns  which  niust  be  applied  to  the  above 
analvTiiSs  flret,  there  is  some  evidence  that  other  organs,  s.g.,  the  liver, 
raise  ch»  I]>-50  disprops  to  tloir  fraction  of  body  wei£^ht,  whan 

shielded.  Secondly,  Jacobson's  latsr  work  differs  from  his  earlier  work, 
rr-nnients  on  this  will  be  given,  thirdly,  the  splenic  function  appears  to 
differ  in  the  varioue  epecles.  Ve  use  the  word  "appears”  since  there  is  ccn- 
sidorable  evidence  that  the  apparent  differences  in  eplsnio  tissue  in  the 
varioue  epecles  dose  not  effect  the  spleen's  role  in  radiation  recovery.  Kucb 
careful  data  study  is  required  to  resolve  this  queeUoa. 

It  is  now  of  interest  to  consider  Jaeoiison's  later  mric  (SspcriiiGnt  A-3). 
Here  he  finds  that  of  a  sample  of  135  spleen  shielded  mice  survived  iu23  r 
whereas  leas  than  50^  survived  suoh  a  dose  in  the  earlier  experiment.  The 
LC>50  foi'  spleen  shielded  mice  in  this  experiment  was  about  1100  r  oomperod 
to  930  r  fer  the  previous  experiment.  The  two  roevlts  are  eignlfieantly 
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dxffereilt  provided  that  there  is  cot  a  aystematlc  dosage  error  (or  a  change  In, 
perhaps,  unmeasured  ?jadcacatter)  hetween  the  tvo  er.perij&ents.  Referring  to 
n.gure  2.2  which  shows  the  data  plot  fur  spleen  shielded  odce  In  the  second 
experiment  (a>3},  we  see  th  t  cho  s-^andard  devlaticn  is  only  10^  cf  the  Iil>-30 
value.  Table  1  of  A-~3t  howe  .-er,  shows  that  about  1%  of  unshielded  nice  ex¬ 
posed  to  1025  r  survived.  This  could  not  happen  with  any  reasonable  proba¬ 
bility  if  the  LD-50  (unshielded')  were  550  r  and  the  standard  deviation  were 
lOJit  iTence,  on^  suspect:,  an  error  in  dosage  in  the  second  Jacobson  esqperiment. 

Experubent  A-4  is  one  by  Khplan,  at  al,  in  which  it  appears  that  whft'>*«»8 
strain  A  mice  are  effectively  protected  to  550  t  by  spleen  shielding, 
black  mice  are  appreciably  leas  protected.  The  data  of  Kaplan  are,  however, 
internally  Inconsletent  and,  it  is  our  jxresent  belief,  that  Dlttle  considera¬ 
tion  should  be  given  to  this  experiment. 

Aaplan  explains  his  result  In  tezas  of  the  presence  or  lade  of  hassiato- 
poletic  activity  in  the  spleen.  However,  Bacq,  see  Heferencs  5,  points  out 
t):at  spleen  shielded  degs  are  pzvtected  as  well  as  Jacobson's  mice  and  th^t 
dogs  have  no  known  splenic  hasauitopoletio  function. 

Ve  are  not  qualified  trea  a  biological  or  medical  standpoint  to  discuss 
splenic  tissue  and  function.  However,*  the  spleen  aupMrs  to  take  on  tbs 
blood  fozning  fUnotlon  in  man  and  laboratory  animal  a  if  the  bone  narrow  falls 

to  do  so  for  petbologicaJ.  reasons.  Thus,  it  seeais  that  the  S&.,ilsn  losolt  is 
probably  due  to  experimental  error. 

thus,  the  closage  relationship,  Bq*  2.4  is  recoomended  for 

*  I  ax  (tuotlng  the  gist  of  a  oonversation  with  Sr.  Charles  Johansssn  of 
Copenhagen,  Danmark.  He  has  been  particularly  Interested  in  splanio 
funotlir . 
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ufe  in  partial— bc^  exposure.  In  particular^  if  the  dose  for  a  mcr  the  open 

ie  atten*'*‘ted  from  a  value  D  over  the  entrance  ^ar-race  tc  a  value  D  -  D  at 

o  0 

the  exit  surface,  then  the  equivalent  full-body  dose  ahculd  be  taken  on 

-  Va. 

In  conclusion.  It  should  be  noted  that  the  various  species  rate,  dc^, 
nice,  etc.  all  react  in  the  saae  'my  to  irra'iiatlon  eo  far  aa  acute  and  chronic 
death  is  concerned.  For  example,  each  species  can  tolerate  a  chronic  dosage 
of  only  5  times  ths  acute  L1K30  dosage  (20^  retained  injury  for  all  species}. 

nma,  one  concludes  that  the  results  of  this  section  can  be  reliably  applied 

1 

to  man  provided  that  the  htoean  acute  LD-30  in  known  or  esil'^a'ted  with  reason¬ 
able  accuracy. 
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Section  5.  T!io  RBE  of  Radiatlotts 


In  osseeeing  the  Relative  Biological  Effectivonees  of  raolatacns,  it  ih 

necessary  to  be  extremely  careful  about  dosage  errors.  Vue,  a  givsB  labora- 

— .  60 

tory  may  make  consistent  mrasureReats  using  250  E7P  z-rays  or  ua'cg  Co 
y  -rays  I  but  the  meaaurenente  for  each  energy  may  be  off  by  a  consistent  un¬ 
known  error,  or  the  errors  may  fluctuate  diia  to  changes  of  line  voltage  on  the 
'^-ray  tube.  Sometimes  the  error  comes  from  low  energy  backscatter  which  ie 
neither  recorded  correctly  by  the  instrujinent  nor  treated  correctly  as  to 
attenuation  in  the  animal.  Sometimes  exposures  are  monitored  piroperly  in 
phantom  animals  and  tha  assumption  is  made  that  the  T-ray  output  will  net 
cliangs  when  the  real  entnnls  are  introduced,  whereas  a  sudden  change  in  power 
load  in  the  city  syatem  may  alter  the  tube  voltage  and  output  by  a  sizeable 
factor.  There  are,  '>f  course,  other  sources  of  error  and  it  is  generally 
real.' zed  by  the  best  experimental  people  that  correct  dosage  determinaticn  is 
difficult,  tedious  and  time  consuming. 

It  is  not  surprising,  therefore,  that  the  detenination  of  the  EBB  of 

60 

Co  '(  -rays  relative  to  2^0  iOTP  x-rays  sometimes  leads  to  a  factor  grestor 
than  unity  and,  in  ether  laboratories  at  other  times,  a  factor  less  than  unity. 
Moreover,  from  a  physical  standpoint,  one  can  see  no  raason  why  those  two  radia¬ 
tions  should  have  an  RBB  different  from  uidty  if  the  actual  average  absorbed 
dose  is  used  in  each  osee,  provided,  of  oeurse,  that  thA  att<tnisti>m  of  the 
lower  energy  rsy  Is  not  really  excessive. 

In  Figuree  3*1  to  3.3  we  present  data  to  ebow  that  the  REF  is,  in  fact, 
unity  for  emrgles  ranging  from  25C  EVP  x-ray  to  2000  IVP  x-ray  and  to  A-bomb 
2f'a.  Tbaae  data  were  very  careful^  taken. and  the  easple  aiwe  per  data 
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point  wan  oxtraaely  Ona  finds  the  following; 


Mongrel 

Foxhounds 

Foxhounds  and  Mongrels 


1000  KVP  x-ray 

ICOO  OP  ft  2000  OP  x-ray 

A-homb  2f'B 


Thus*  againt  there  la  no  evidence  of  a  diange  in  BBS  with  energy*  T^eae  Green¬ 
house  data  are  presented  hecause  of  the  care  witii  iddLch  tiiey  were  taken.  Ve 
t>'(..rll  refer  to  then  later  as  inconsistencies  appecur  in  further  data  to  be 


discussed. 


Ihe  key  point  idiidi  we  wieh  to  discuss  is  the  KBS  of  neutxonst  thezaal  or 
fast,  relative  to  x  or  {T -radiation.  Before  disctuiaing  the  data,  one  should 
note  that  there  are  laportant  physical  differences  between  neutron  effects  is 
tissue  and  JT^vay  effects.  These  differences  ray  bs  brlafly  JUBsazised  as 


follovat 

(a)  fast  neutrons  ralease  tiaaue  dosage  nalnly  by  lonitat^'T  fnm  recoil 
protons  whsrsaa  tbs  reooll  slsotron,  a  such  lightar  partibla,  la  reaponai* la 
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for  ZT-ray  ;'c3a^.  D'>\u>y  the  ionisation  den&ity  per  ca  is  teuch  higher  for  tJs 

proton  than  for  the  electron. 

(b)  Neutrona  which  arc  initially  thornal  or  become  theraalised  in  tissue 

are  captured  by  hydrogen,  nitrogei  and  boron.  The  hyiHrogen  capture  leads  to 

a  2.2  MEV  V -ray  created  l..  tismie  which  ia  quite  likely  to  escape  with  no 

loss  of  en'jrgy  in  small  animals  and  which  it.  7  ~Qely  absorbed  in  very  large 

animals.  Capture  in  nitrogen  leads  .o  emission  of  a  0.62  MB7  proton  95.<55C  of 

the  time  and  to  IT -radiation  of  average  energy  about  6  MEV  4.455  of  the  tine. 

TSius,  the  proton  process  la  the  dominant  one.  Further,  the  nitrogen  is 
14 

changed  to  C  and  this  chemical  chtmge  leads  to  an  unknov'C  physical  effect 

which  may  or  may  not  be  of  importance.  Ono  knows  that  such  a  change  in  a 

nitrogen  atom  in  DMA,  for  example,  would  be  quite  serious  so  far  as  that  one 

molecule  is  concerned.  Just  how  many  protein  molecxiles  would  have  to  be 

affected  to  cause  a  measurable  physical  effect  is  a  matter  for  speculation. 

10  7 

Finally,  the  B  (n,  reaction  can  ocettr  but  Is  of  little  Importance  due 

to  the  low  boron  content  of  the  body. 

Tram  the  above,  one  ca**  eee  thrt,  a  priori,  there  is  no  reason  to  suspect 
that  the  neutron  RB5  shctild  be  unity,  although  the  intricate  nature  of  Hio 
processes  involved  does  not  rule  cut  this  poeelbillty.  Aside  from  oonversion 
of  to  tlis  big  difference  would  anpear  to  hinge  on  the  question  as  to 
whether  the  high  linear  energy  transfer  of  the  proton  makee  a  aigoifltmait 
difference. 

Beforrlng  to  Reference  4,  we  find  the  following  suoaary  of  data  tm  the 


BBS  of  thermal  neutrons. 


Tabls,  5.? 


RBK  of  Pienaal  lleutro*'^ 


Blolo^cal  Response 
Measured _ 


RBB 

(Relative  to  yo  MVP  x-ray) 


50>da]r  survival  (nice)  1.06 

30>da7  survival  (rats)  1.00 

Splenic  atrojdgr  (nice)  1,06 

I^Tjrnic  atrci^y  (nice)  1.06 

Intestinal  atropb7  (rats)  1.00 

Testicular  atroidiy  (nice)  1.88 

Body  Welj^t  loss  (rate)  1.00 

Median  Survival  Time  (high  dose  >  mice)  1.^0 

fa59  uptake  (rate)  .88 

Itepression  of  mitotic  activity  (mice)  1.00 

Leukemic  "takes"  (mice)  I.IC  •>  1.30 

Shortening:  of  mean  life  span  (mice)  1,00 


The  aiute  effects  data  are,  of  course,  of  the  greatest  Interest  and,  as  one 


can  see,  a  choice  of  l.(X)  for  the  RBB  is  indicated.  Whether  the  results  for 
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testicular  atrophy,  high  dose  survival  time,  Fe  uptake,  and  leuk«Bj.c  "takes" 
are  elgnlficant  is  op~n  to  qxiectlon.  Certainly  the  susceptibility  of  nice  to 
leukorlais,  in  general,  quite  different  from  human  susceptibility. 

The  diecussion  of  dosage  calculatloa  and  measurement  in  this  experiment 
wae  thorough  snd  indicates  that  it  vas  done  as  veil  as  one  could  expect. 

Reference  5  leads  to  a  fast  neutron  RBS  of  1,7  relative  to  250  IVP  x-ray 
vh«o  the  biological  and  point  le  life  ^ortenlng.  This  is,  however,  not  a  de¬ 
sirable  end  point  to  use  since  resulcs  can  be  altered  by  disease,  further,  the 
discussion  of  dosage  measurement  is  inadequate. 

To  go  with  Reference  5#  ve  have  Reference  6  in  vhich  the  RBB  of  bonib 
neutrons  relative  to  x-rays  vas  found  to  be  2.6.  Although  ve  do  not  visit  to 
make  undue  qualiflcaticss,  it  ehoxild  be  remarked  that  field  maaevu.  ;dMnt8  of 
neutron  dose  have  histcrloally  been  questionable  wJ.thlj]  at  least  a  factor  -of 
t«o. 
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RoferecM  7  glvM  m6£our«B«nt8  of  RBB  of  230  KVP  i-ray?!  and  last  neutror. . 
60 

ralativa  to  Co  ^T-reya.  Iba  reaiilta  «r#  an  follova. 

Table  J.4 

RBK  of  x-racre  and  ’**3t  SeutTone  Helati"»  to  Co '  S'  e 


IfOergr  ?oui-c« 

RBS 

co'^  y-B 

l.CO 

250  rrr  i-rays 

1.4 

Hat  feutrona 

2-0 

Heia  e#  can  refer  to  the  Greerhouee  date,  and  note  that  th«  RBE  o'"  x-ray? 
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relatlYe  to  Co  la  probaoly  in  error.  In  fact,  resolto  at  Rochester  on  dog^. 
give  preciaely  the  opposite  result,  i.e.,  an  RES  of  0.7.  T-th  results 
pTObablyr  indicate  a  oonsiatsat  doeage  error  froa  aone  such  thing  as  unscasurec 
hackecatter. 

Reference  8  gives  us  another  value  for  the  RBE  of  faet  neutron?  relative 
to  x-raye  for  doga.  "he  dosage  ■easurtBente  are  carefully  explained  and 
appear  to  he  qitite  adequate.  The  result  tuma  out  to  be  O.F.  further,  a  siai- 
lar  ■eaaurnMtnt  or.  dcga  by  another  grouj.  (Ref.  9)  yields  a  value  of  0.9. 

Thus,  if  we  Buaaariae  the  reoulte  of  ROT  oi  fast  neutrcns  fro*  Reforencet; 

^  fKwilgh  wm  hi-^e!  * 

Table  ?.5 

flUBMan  of  Weagurcs^nta  _of  RJBi  ol  T*s*,  Neutrons 
RelaUre  HP  «-rare 


Reference  RJL. 


f  1.7 

6  .^6 

7  l.J 

8  0.8 

9  C  9 


Ihs'-e  te  cne  further  experiaast  which  cmm  ecsw  bearing  on  the  aattcr. 
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Tiwia,  in  Hefqrent'e  10,  the  RBE  of  oC  pa^ticlos  relative  to  x-rays  wcs  aieasitre>l. 

One  can,  therefore,  reason  as  follows j  Uio  RBE  of  fast  neutrora  reJative  to 

x-raya  caa  differ  from  ’jnity  only  if  the  track  ion:i3ation  density  ci  the  proton 

relative  to  the  electron  makes  a  difference*  However,  the  ^-^rrirticle  from  the 
10  7 

E  (n,M  )t,^'  reaction  ehoulc  have  a  .;iuch  (greater  lineax’  Ionisation  density  than 
the  proton  and  hence  the  effect,  if  present  for  the  proton,  should  show  up  even 
Eoxre  for  the  PC-particle.  In  this  particular  experiment,  was  injected  into 
mice  and  a  rhther  unlfozn  distribution  in  tissue  was  obtained.  Radiation  vaa 
done  with  slow  natrons*  The  blolo£d-cal  end  points  taken  were  those  of  thymus 
and  spleen  wei^t  loss,  with  the  result: 

RBE  relative  to 
250  gyp  x-rava 

Spleen  weight  loss  1.06  -  1.11 

Thymus  wei^t  loss  .96  -  1.06 

a,  there  is  no  indication  that  even  with  particles  as  heavy  as  the  o<.- 

particTe  that  the  Unoar  energy  transfer  affects  RBE. 

SunsnariEin^,  we  can  say  the  following: 

(a)  There  is  no  dependence  of  RBE  on  energy  for  B'-rays  or  z-rays  in 
the  range  ol  250  KVP  to  bomb  V*s. 

(b)  The  RBE  of  thermal  neutrons  is  very  probably  unity. 

(c)  The  RBE  of  fast  neutrons  has  been  found  to  raige  fiom  measured 
values  as  high  ss  2*6  to  measured  values  as  low  as  C.li.  The  bulk  of  Ihe 
measurements,  however,  ax9  in  the  range  O.B  to  1.7.  Thus,  a? 'hough  we  cannot 
eay  oenclxiaively  that  the  RBE  of  fast  neutrt'ua  is  1.0,  we  can  oertainly 

that  there  is  not  aufficiant  evidence  to  warrant  a  choice  othn*  than  1.0  for 
the  RBE. 
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EXPBRTOEKT  A-1 

Roforenffo; 

The  Effect  of  ^leen  Protection  on  Hortality  Folloi/inf;  X-Irradiation* 

Jacobson,  L.O. ,  ot  al« 

J.  Lab.  Clin.  Me.1.  34;  p.  15?8  1949 

Abstract; 

The  mice  used  in  this  study  were  all  CP-1  females  and  were  10  to  12 
weeks  of  nge  when  the  experiment  was  initiated.  The  rice  were  kept  in  the 
animal  farm  in  a  constant  tcrporature  room  (74*^l)  for  four  to  six  :  eeks  be¬ 
fore  use  and  Wei’s  maintained  on  a  diet  conaistinAr  of  Derwood  and  water  ad 
libitum  before  and  after  the  experimental  procedures  described  below. 

Dosimetry  -  the  X-rays  administered  in  these  eiqierlsents  were  generated 
in  a  250  KV  machine  operating  at  15  ma.  A  0.25  mn  Cu  filter  was  used.  The 
HVL  in  copper  of  the  filtered  beam  using  240  E7  was  1.0  mm.  The  eiqxisures 
were  measured  with  a  Victoreen  condenser  moter  equipped  with  a  250  r  diamber. 

'!:’>8urement8  were  made  in  air  at  the  position  occupied  by  the  center  of  the 
animals  body.  The  dose  rate  averaged  56.9  r/min  at  55  cm. 

Groups  of  mice  were  exposed  to  single  doses  of  600,  700,  900,  975*  1050 
and  1200  r  total-body  x-radintlon  w^  th  or  without  l^-d  proteetiogi  of  the 
surgically  mobilized  spleens. 

Four  groups  -of  mice  were  studied. .  Tho  mice  in  Group  I  veno  untreated 
controls.  The  mice  in  Group  ZI  received  no  irradiation  but  had  'Qieir  aplecna 
surgically  mobilized.  Groip  III  mice  had  thedr  apleena  suxglcalhw  mobilised 
and  during  Irradiation,  viilch  requi.red  from  9  to  22  minutes,  depending  or 
the  dose  gf.veu,  tiieir  spleens  were  placed  In  par^^Tln  boxee  ^t  off ered  no 
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appx>»ciabl«  Bhleldln^:.  Th«  apleans  Of  Group  IV  mica  ware  placed  la  lead  boxac 
with  vail"  of  1/4  inch  thldmaaa  that  afforded  fn^^ntially  complete  ahieldlns 
of  the  apleen  from  irradiation.  Jtfter  completion  tbeoo  procaduraa,  the 
apleena  of  all  5^‘oupe  woxa  reti'mad  to  the  abdominal  cavi'^  and  tae  iaeiaion 
autured  with  silk.  Complete  recovery  from  the  anesthetic  required  from  2  to 

3  hours.  Ihe  mice  were  returned  to  the  animal  farm,  and  deaths  were  recorded 
in  24  hour  periods  throve  28  days, 
kesulta  are  shown  in  liable  1. 

The  LD-50  for  mice  exposed  to  total-body  x-radiailon  exclusive  of  the 
surgically  nobillEed  lead-protected  apleen  is  ntwiy  twice  as  great  as  the 
L!>-5C  for  mice  exposed  to  total-body  z-radlation  inclusive  of  the  spleen. 

Table  1 


Survival  of  Xloe  following  Single  Total-Body  X-Irradiatian 
With  and  Without  Lead  Protection  of  the  Spleen 


Boeage 

Spleen 

Total  lo. 

Ho.  of 

teoup 

....(rl,. 

Shielded 

of  Mice 

Survivors 

Survivors 

IV 

600 

yes 

63 

54 

85.7 

III 

600 

no 

75 

30 

40 

IV 

700 

yee 

27 

26 

96.5 

▼▼▼ 

7X 

no 

il 

0 

0 

IV 

900 

yes 

60 

41 

68.3 

III 

900 

no 

44 

3 

6.8 

IV 

975 

yee 

>3 

10 

43.4 

m 

975 

no 

12 

c 

0 

rr 

1050 

yee 

23 

7 

30.4 

in 

1050 

no 

11 

0 

0 

IV 

1200 

yes 

19 

0 

0 

n 

0 

operation 

only 

64 

64 

IX 

I 

0 

no 

operation 

54 

52 

96 

BCPffiniEST  i-2 


Ref«r«iC8i 

of  Abdosen  of  Rat  to  X-lrradiuticn.  Bond,  Y.P,,  Alltm,  A.C.,  Swift, 
tuii  ?lBbler,  N^C. 

J».  J,  Thyalol.,  Tol«  161 1  p*  ^$2?  Kay  1950 

Abatractt 

Apporozinataly  200  nale  rats  breu  in  USHRBL  Laboratoiy  from  the  Spra^ue- 
Bavley  atrain  and  vsi^^iiziig  250  •  300  were  used. 

Ifae  rata  to  be  irradiated  were  divided  into  10  groupo.  Five  of  these  groups 
were  exposed  with  the  abdoaen  shielded  to  1600,  1800,  190C,  2000  and  2200  r, 
reopectively}  and  five  with  only  the  abdomen  exposed  were  given  700,  900.  1000, 

1100  and  1300  r.  A  Picker  industrial  X-ray  machine  was  used.  !Ehe  radiation  factors 
werej  250  KVF}  15  ma{  filter,  0.6  nn  Cu(  ETL,  1.3  ma  Cu;  IFarget  to  akin  distance, 

20  inches;  dose  rate  -  .47  r/mln  measured  in  air  using  a  Yictoreen  100  r  thimble 
chaidMr.  Results  are  given  in  Table  1.  Analysis  of  the  mortality  data  indi¬ 
cates  an  Ii&<^  of  approximately  1950  r  in  air  for  rata  with  the  abdomen  shielded, 
and  1025  r  for  those  reeel'  Jng  onl^-  abdominal  exposure.  The  LD-50  for  total- 
body  z-iTxadiation  is  between  CiO  and  750  r  for  rate  in  this  laboratory*  The 
average  survival  timas  for  'the  animals  at  each  of  several  dose  levels  vazled 
from  9*2  to  11.7  days  ar.d  from  4*6  to  7«1  doys  In  tha  2  groups,  respectively, 
showing  no  oorrelaticA  with  doaage  in  either  case.  Xo  deaths  occurred  saoog 
control  rats* 

In  Table  2,  the  rata  were  to  be  shielded  either  over  the  abdomen,  or  over 
the  rasnindor  of  the  body  exolodlng  the  abdomen,  during  exposuiM.  Ih  order  to 
quontxtv.ce  and  equate  as  prsoissly  as  posslbls  the  amount  of  radiation  recaivad 
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Table  1 


Mortality  of  Sate  After  Bartial-Boily  X-Irradlatlon 


X-Say  Dose 

No  of  Bats 

Mortality  -  28  dys 

Av  THae  of  Death 

r 

Exposed 

% 

days 

Abd*»aen  Shielded 


2200 

9 

100 

10*1 

2000 

15 

zy 

9.2 

1900 

19 

yj 

10.9 

1800 

20 

30 

11*7 

1600 

20 

5 

Ibdooen  Onlr  Irrsdlsted 

10.0 

1300 

15 

73 

5-6 

1100 

17 

59 

7.1 

1000 

20 

55 

4.8 

900 

20 

25 

4.6 

700 

20 

0 

— 

at  angr  given  dose  level  under  these  two  conditions^  It  wac  necessaxy  to  obtain 
wel^t  and  organ  distribution  data  and  doalBstzy  ateasurements*  To  obtain  the 
fczner,  4  rats  were  killed  with  chlorofom  and  fastened  in  a  supine  position 
on  boards  In  the  suae  faShicn  as  the  rats  to  be  irradiated*  The  rats  were 
frosen  with  dry  ice  and  were  then  sawed  into  transverse  seotions,  one  centl- 
neter  thick*  These*  identified  by  ntnber*  were  weighed  and  the  presence  or 
absence  of  parts  of  uajor  organs  in  each  section  was  deterained*  Ooxxespondlng 
section  weights,  expressed  ss  a  pereont  of  total  body  weight*  and  the  location 
of  organs  were  fbund  to  be  quite  unlfom  anong  tiie  fcur  anlaale  studied. 

Dose  rates  aeasured  with  a  Tiotoreen  xhlsblo  chaaber  in  the  center  of  the 
*hsad'*  'thorax'^  *sbdoaen'*  and  'pelvic  region*  of  a  psiaffin  pbaaton  aaaped 
like  a  rat  showed  that  the  ocaqilsx  contour  of  the  rat  did  not  piednos  signifl- 
cant  diffsrsnees  in  tlssus  dose*  These  data  aro  in  good  s^«ro«Mttt  with  oospsxebls 
Mssursasnts  ssids  on  a  dead  rat*  A  ssriss  of  d0i«e-rats  dstemiaatloos  waS  aadr 


A-4 


at  3  vertical  levels  In  a  paraffin  phantom  throtighoot  the  length  of  the  'raf 
ueing  loth  tjrpee  of  ahiolde. 

It  wao  found  that  if  a  ti-ansverse  ooction  were  trisected  into  parts  corres¬ 
ponding  to  the  tissue  norticns  into  whi  ch  the  Victoreen  neter  vas  p-^ced,  the 
sum  of  the  greja-roantgene  delivered  to  the  3  parts  was  essentially  the  same  as 
the  product  of  the  middle  reading  and  the  total  wei^t  of  the  section.  Since 
this  was  so,  the  simpler  calculation  was  employed.  Sy  using  the  latter  readin;rr, 
and  the  average  body  wei^t  dietribution  valrcc  obtained  from  the  frvcen  narei^ 
ialt  it  was  possible  to  devirr*  and  place  shields  of  such  a  size  thae  the  total 
dose  in  gram-roentgens  received  for  a  given  dose  taesBiired  L-.t  n  cr  w^uld  be 
approximately  the  aame  with  either  type  of  shielding.  In  addition,  the  degree 
of  protection  afforded  the  various  organs  could  be  estijrated. 

Tne  shields  were  cut  and  moiilded  from  lead  sheets,  3.2  mm  thick,  either  to 
cover  or  expose  an  abdominal  area  the  width  of  the  rat  and  7  cm  in  length.  The 
abdominal  shields  were  calculated  to  cover  body  section  6  through  12  (xiphoid 
to  eympiiyaia)  and  the  reverse  shields,  eectii.ns  t-5  and  13-15. 
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Bafei’ence; 

Purthar  Stulina  on  Recovery  Prom  Radiation  In.iiiry.  JacobBon,  L-O. ,  pt  al. 

]>>>..  Giln.  V'A.,  Vol.  37:  p.  1951 

Aba tract; 

I  t  luia  Wii  ’•eported  by  J.  'cbion,  at  al,  -''at  the  U>-jG  of  •.♦hoie-body  i- 
irradiation  for  intact  youiv?  adult  rJ  is  around  '/jO  r,  and  tlwt  onlj’  rarely 
vill  t  ibouee  avrvive  a  ^oac  above  ilOC  r,  whereae  40){  survive  a  doae  of  1025  r 
if  the  opioen  ia  oobilined  surgically  and  lead  ahieJdcd  curing  the  expooure. 

(See  Btperiaent  A-l).  Theae  reported  mortality  lata  repr.'.'e:.*;  the  early  ex¬ 
perience  witn  this  techniiiue;  iho  "•..le  jeuent  '.ata  .'re  ahowj  in  Table  1.  Hiese 
latter  data  indicate  that  with  added  experience  with  this  techni-pue  fewer  ani- 
nala  ouccumb  and  aroimd  11,'!%  of  mien  expoeed  to  1U''5  r  (with  spleen  shielding) 
survive . 

Itie  techniquee  for  irradiating  the  ad.ee  for  t;ee«  experiments  are  the 
ease  (13  those  given  in  Rxperiment  A-1,  e  leapt  tLit  the  does  rate  in  this  group 
of  trperlmente  average’.  70  r  per  xinute  at  55  ctetimetere  as  opposed  to  5B.9  r 
per  mirute  us  previously  described.  The  animals  used,  were'  all  Cf-1  fsaale  mice, 

Adlitioual  STp*rl»ttnt:»  were  performed,  in  which  vtx.ioue  tisause  or  orerans 
were  leet  ahielded.  The  te<'hrdque.  ivere  the  same  as  tivici;  sMctioued  above  and 
in  Sxrerlaisit  A-1.  The  rjwults  of  these  eipcriBen*^s  are  giver  .n  T^b'e  2. 


Table  1 


I 

i 


Survi'ml  of  Mice  Exposed  to  Varrl  ^ae  Dosages  of 
X-Rediation  clth  and  Witnoui  Stlslding  of  Sia> 
gically  Bxtsjdorized  Spleen 


With  Lead 
Shielding 

Doflpge 

No.  of 

No,  of  28-day 

Survival 

of  Spleen 

in  r 

Mice 

Survivor" 

yes 

1025 

135 

1C5 

TI.l 

no 

1025 

?73 

3 

1.1 

yea 

IIX 

M  ■*. 

*tc. 

23 

54.7 

no 

1100 

12 

0 

0 

yee 

1200 

35 

5 

14.3 

no 

1200 

6 

0 

0 

yee 

130C 

74 

2 

2.7 

yee 

1300 

26* 

1 

26.51 

no 

1300 

22 

C 

0 

yee 

16CO 

4t 

0 

0 

no 

1600 

— 

— 

*  Technique  differed  in  that  small  artery  at  distal  tip  of  spleen  was  not 
severed  and  tLue  no  infarct  occurred  in  spleen. 
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Surrlvnl  of  Mice  Srposed  to  1025  r  Z-Radtation 
With  Lead  Shielding  cf  Various  Tissues 


>0,  of 
Aniaala 

Tiea\M  Lead  Shielded 

No.  of  28-day 
Survivor? 

Survi 

135 

Ix^rioriaed  Spleen  (O.’  fxi) 

105 

77.7 

93 

None 

o 

V 

0 

15 

iarterlorleed  Lobs  of  Live  -  /7.8  gm) 

J 

3^. 

15 

|i^ 

r. 

0 

13 

fcterlcrlied  Intestine  (2.5 

4 

20.: 

15 

tone 

o 

o 

18 

Cmd  (3.0  em) 

5 

T<.] 

12 

Sore 

0 

0 

15 

Right  itLnd  Limb  (ind  thigh) ('..5  ga) 

1  2 

13. 

15 

Bight  Sind  J^xit  >C.l 

I 

6.f- 

30 

fckerlordeed  E<ght  Xidnej-  (0.19  gss) 

0 

8 

Nojse 

0 
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Hefwtoc*'* 

a«netic  KodlTlcatLon  of  Rafeponito  to  f!p?.ean  Sliialdlr^  in  Tmdiat'hl  Nlco, 
Kaplaa,  H.S.  an^  ?aall,  j. 

Proc.  aoc.  Brp.  Biol.  Med.,  Tol.  79:  5.  670  1952 

lllca  of  strains  A  (Strong)  and  black,  of  both  sexes,  aare  divided 

equally  with  leapect  to  age  (range  52  -  69  days)  aacmg  three  groujjs.  One  was 
kept  intact  and  received  a  single  whole-body  dose  of  550  r.  Physica!  fcctora 
were  120  KVP,  y  aa,  u.2p  ns  Cu  plus  1.0  sm  A.I  '■'‘■'sa  futer.  JO  =a  aouse-targat 
distarca,  32  r/»in.  Iheapleecaof  the  other  two  groups  were  erteriorited  and 
blactd  rsspectively  in  lead  or  paraffin  shields  d'.c^ng  In-adiation  to  the  ease 
dose. 

'.sMlta  are  sumarlsed  in  Table  1.  Ihe  earliest  deaths  aucng  ohaa- 
shieldad  A  alee  occurred  on  the  fourth  day,  whereas  death  /iaoog  the  Intact 
'-»»«4lated  controls  were  not  obaervsd  until  the  12th  day.  froa  thie  point  on, 
hc»aT*r,  cuBUIatire  curvee  of  theae  two  groups  were  par«llel  end  final  sor- 
talaxy  vae  aiaost  ;in«Qncai,  A  amixar  preaature  ocast  of  aeath,  without  a 
^^ter  final  incldaoce,  occurred  vr  ehaa-ahielded  '' 


black  aloe. 


Sak\Ll 


Sffsct  of  Spl*«n-ail*14in^  on  KkH^tlon  Mortalii/ 
in  Tuo  Strsins  of  Kico 


fTM-bMint 

OroBp 

SplMD  ShlolAiKl 

3'd-41« 

daja 

oA' 

42-51 

0/21 

52-61 

o/io 

62-71 

0/4 

ToUl 

off  2 

1  Strain 

»«■ 

6h 

ld/22 

5/j.u 

?/4 

llji'b 

74?< 

Intact 

6/8 

15/19 

7/ll 

3/7 

34/45 

76J<J 

[  4 

Splam  Shioldad 

i/7 

2/11 

2/l7 

b/55 

2^') 

i  strain 

abaa 

6/6 

il/16 

5/l8 

22/41 

545i 

Intact 

S/'0 

14/19 

3/l6 

26/44 

59!<J 

1  BlAck 
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11.  TSB^HL  XITJOHY 


S«otlcn  1.  fheraal  In.1ury  to  Bare  Skin 

Ttio  puTfOBe  of  thib  obaptBr  la  to  diBcusB  the  physical  and  Bathenttlcsl 
aspects  of  hum  injuries  from  nuclear  weapons.  W-ret  we  shouli.  like  to  re¬ 
view  earlier  theoretical  wo.  ''  on  th«  'problem  and  rooment  on  the  iaplicat:.on(f 
of  tMs  werk. 

Henriques  (l)  proposed  that  tbexnal  injury  to  tissue  could  be  ez]>laiaed 
in  terms  of  a  chemical  rate  prccese  in  whii'h  the  protein  molecules  are  de¬ 
graded  under  elevated  tefflpera.tures.  !Ihe  nvmbsr  of  molecules  degraded  per  unit 
time  at  a  given  teBqperature  tuiris  out  'to  be  a  very  czrltical.  function  of  tne 
temperature  itself  in  the  range  of  times  assocld'bed  with  bomb  pulses.  Baxuriques* 
theory  fits  the  data  reasonably  well  when  the  exposure  time  exceeds  JO  seconds. 
Tor  shorter  exposure  times,  his  theory  must  be  replaced  by  a  critical  tempera¬ 
ture  criUrlon.  Tn  any  event,  the  correlation  of  data  idiich  we  made  indicates 
that  'ne  concept  of  a  critical  temperature  for  tissue  destruction  in  a  reasonablo 
working  hypothesis  in  the  range  of  boob  rulse  times. 

Bow,  as  far  as  the  physical  and  mathematicel  side  of  the  problem  ia  ooih 
oemed,  the  heating  of  the  skin  ty  thermal  flux  can  hardly  be  more  complicated 
than  a  simple  problem  in  heat  conduction  except  for  two  quallflcatioosi 

1.  The  skin  is  sooeiduit  transl*'cent  to  radiailun  f^e  the  homb  pulse. 

2.  If  the  temperature  of  the  skin  is  raised  to  the  boiling  point  of  vateer, 
an  iiq;)ortant  change  in  the  calculation  occurs. 

There  have  beer,  a  number  of  tbeoretioal  dlsousslcns  of  oonduotion  of  heat 

in  the  sikln,  e.g,  (2),  (3)»  (4).  Ve  have  not,  however,  seen  a  tb"^tlcal  die* 

ocselon  Jn  idiloh  a  rsaaoimble  mathematical  approxlaation  to  the  boab  puloe  Uaa 

been  used  in  such  a  way  as  to  get  a  closed  mathem^'lcal  rerilt,  l^irtter,  tbers 

sseas  tc  ba«<.>  beea  no  Bstheomtioal  disouseion  al'.  ra  the  effect  rf  the  belling 

point  on  ey.xfi  injtivy.  Voxkers  at  Hocheoter  (b)  ha\4  observed  that  If  the  total 

32 


thAZMA  energjr  0^  la  hnld  oocatant  and  tha  pula*  tiaa  daoreasad,  tha  dapth  af 
daiwdl  injury  goaa  through  a  aaxiaus.  aiay  conclude  that  +ha  occuzaaoa 

of  this  .dazlnufi  aua^  ba  cosnaotad  with  the  'ailins;  point  of  the  tiaaua  water. 

This  is  80»  of  oouraa*  baoauaa  the  hi^  value  of  Ihe  latent  h«^;.  of  vaiiarisatiaa 
of  water  doainataa  the  pro(.*sa  of  hmt  tmnsfer  into  the  tissues  ^disn  the 
boiling  point  is  reached. 

Vxth  the  foregoing  ranoxlcs  in  ulnd,  we  aiah  to  fozaulata  the  probleK  of 
tissue  (or  dezmel)  injury  taking  into  account  iAisse  factors: 

1.  1  realiatic  approxination  to  the  biiab  pulae. 

2.  k  critical  teg^rature  for  irreversible  dexn&l  injuiy. 

3.  A  treateent  of  the  problen  when  the  boiling  point  of  water  is  readied. 

Wo  shall  ignore  the  faot  that  the  addn  is  scaewhat  translucent  to  wave 

lengths  in  the  bceib  pulse  and  shall  assign  to  the  addn  an  effeotive  SBissivity 
^  .  Ve  shall  also  need  values  for  the  thensal  oonduotiLvity  of  the  aldn  k»  the 
heat  ^pecliy  c  and  the  density  ^  •  these  constsnta  will  be  talon  for  the  aost 
part  froB  sobm  excellent  work  (2)  by  Hr.  thonsui  F*  Davis. 

In  order  to  correlate  the  theory  to  be  presented  with  experismtal  data 
we  Bfaall  also  need  theoreticsl  caleulstlons  using  s  sqpare  thsnDSl  polssy  as 
■uch  of  the  experiaeutal  work  htis  been  done  using  square  pulses.  In  this  oon- 
neotion  we  shall  show  that  a  bonb  pnlse  of  peak  ir.tsrisity  is  xooidvly  equivalent 
to  a  square  pulse  of  isuch  lower  intensity  and  rathar  long  dumtian. 

JBtfggEa9iA 

Lat  £  •■  affective  salssivity  of  ttie  akin 

^  *  radiant  intensi^  (oal/an^sso) 

k  M  thamal  oondnotlvity  of  the  aidn  (eal/<n.^C  ete) 

^  m  density  of  skin  (in/csi^) 


o  m  bMit  capacity  of  tha  akin  (cal/«t*®C) 

•  ^c/k 

Cta  flrat  prcblaa  to  ba  solved  is  the  alopla  pvoblas  of  boat  conduction  into 
tha  akin  xmdar  a  boat  input  of  €dQ/dt.  nils  type  of  problM  baa  baan  dia« 
cuasad  in  so  ssny  plsoas  it  doaa  not  aaaa  uaeltil  to  repeat  tha  darlva- 
ticn  of  tba  ffcnaral  aolutlon  bare.  Va  aura  cosnldarinff  the  oaaai  of  course, 
ubara  tba  ddn  la  at  Initial  taoparature  at  tioa  t  s  0  (about  J^C  to  }3°c) 
and  tba  ddn  aurfaea  la  at  z  «  0  vltb  z  >  0  denoting  points  inside  tha  anw. 

f(z,t)  ira  shall  denote  the  azcaas  of  tha  tanparatura  aver  tba  initial  t«»> 
paratura  lha  solution  to  tha  problem  nay  ba  written  «a  a  laFlaca  transfoxrs. 
Bnia, 

W  41 6  ds 

■Jr 

idiare  l(a)  la  tha  txanafora  of  d(^dt  in  tha  t-plana,  i.a., 

<2)  Zf»)  €'‘dt 

9ha  nonericnl  traatneni  of  tha  problan  is  aa^f  or  difficult  dapandiiig  on  whathar 
tlta  direct  transfora  (2)  ard  tha  Ic'^arae  tranafozs  (l)  can  be  evaluated  in 
oloaad  fon. 


for  tba  problem  of  tha  bcuA  polaa,  wa  have  noted  that  fbnotlona  of  tta  form 

dO/dt  -  conatant  •  t*^^^ 

are  oonvaniant  analytioaily  and  that,  in  particular,  tha  funotlss 


(3) 


Civaa  an  adaqpata  a^^rozlaatioa  to  tba  bomb  pulaa*  Va  aaaoolate  K  with  tiia  tiaw 
at  Khidi  d(^dt  raadiae  a  esudnoi  end  find 


(4) 
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vh«r«  t  the  tlM  at  which  do/dt  reaches  the  maiiouai. 
m 

If  (3)  -.8  used  for  dQ/dt  in  (2)  and  (l),  ihe  traiperature  distribution  tx'' 
out  to  be 


(5) 


' 


Ihs  B&xioua  tenperature  at  anj  depth  1  occurs  at  tlae 

(6)  ^  .  t,  .  -4^2.  f 

In  particular,  tlie  aarlfflUE  venperature  at  x  -  0,  the  skin  surface  occui-s  wh*.:: 

(7) 

We  are  interested  in  this  last  value  of  tine  since  toiling  occurs  at  x  =  o  fir 
How,  for  the  square  wave  pulss  where 

m  St 

<3t  t, 

and  'ij/dt  ■  v'l,  t  >  t  ,  the  solution  for  T(x,t)  turns  out  to  be 
° 

(8) 


where 


iirf'c  (Cu j •  / * >=  r  6  aC.  and  0^'t^t 

>  (ir  I  “ 


Hbr  the  square  wave,  tne  eoiition  changeii  &1  t  oluijv  t^cee 

tensity  atop#  abruptly  at  th%t  poirt.  Ve  can  net'  "t  this  point  that  the  solu 

-'*1  'I 


tion  for  t  >  t  is 
o 


(9) 


Taluee  of  the  Skin  Constante 

?»e  tberaal  conductivity  of  water  at  the  taepei'aturea  questiou  io  abou 
1.65  X  ll''^  cal/c*  sec  ®C.  Since  the  akin  is  5  jt  sater  and  since  the 

theraikl  •  -wJuevivity  of  the  fibrous  tiw.rs  aust  rather  low,  -m,  couia 
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estinate  the  condiiotivlty  of  the  skin  at  0.65  x  1,65  i  10"^  nldch  ia  approxiaacoly 
10  ^  cal/ca  sec  C«  This  is  the  value  vhich  i^avie  has  aeasure^.  Thus,  one  nan 
be  fairly  confident  of  this  number.  TUrtherr  Davie  measurae  /oc  to  1.13 

I 

^  0 

cal/ceT  and  this  value  is  reaso.  r»ble.  For  the  effective  enieeivity.  a  value 

of  £  ^  0.4  is  reasonaible.  One  vould  aqpect  an  €.  of  about  0.9  If  the  skin 
were  opaque.  The  lower  value  apparently  is  caused  by  bade  scatterr  of  radiation 
from  small  depths  near  the  suorface. 

* 

Before  proceeding  vith  the  alteration  of  the  theory  when  the  boiling  point 
ie  reached,  ve  wish  to  indicate  how  the  theory  derived  eo  far  will  b«  applied  tc 
pirablese  of  buma.  It  will  be  diown  that  there  ia  a  critical  taaperature 
which  results  in  irreversible  ilemal  damage  and  that  the  value  of  can  be  de¬ 
rived  from  the  experimental  data.  Tor  the  bomb  jMlse.  the  depth  of  bum  will  be 
the  deepest  point  at  iMdi  T(x»V)  as  given  by  (5)  exceeds  T  .  under  the  oondi- 
tion  that  the  svrface  tenperatore  never  exceeds  the  boiling  point.  A  similar 
process  can  bs  followed  for  the  square  pulse  data.  Va  will  correlata  the  Iheory 
^ioth  with  bomb  pulse  data  and  with  square  poles  data  and  show  that  the  proper 
square  pulae  elBUlates  a  bomb  polaa  adequately. 

The  best  data  cn  the  time  at  which  the  boiltiur  point  la  reached  are  data 
using  square  pulses.  Bancs  ws  ihall  have  to  use  square  pulse  data  in  this  case 
for  oorrelatioa  with  the  theory. 

Let  UB  note  for  reftrenoa  that  the  seziaun  surface  tenpermtare  for  a 
squars  pulae  oocum  at  t  >  t^  and  this  temperature  la  from  (s).  ssttizg  x  «  o 

(W) 

laexlmua  sorfaoe  teq^araturs  for  the  bohb  jul**  ^  obtained  fwa:  3)  by 
substituting  t.  firom  (?)  and  setting  z  m  0.  Th'-  toms  o;Lt  to  be 

9 
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or  rtlnca  t, -8.«7#^. 

One  note"  that  (lO)  and  (ll)  will  a^e  only  if  ths  duration  ot  tlia  eqtua^  pulae 
ie  chosen  properly  in  regard  to  t.  ^  t  (/2  -l).  Thus,  one  Boet  cbo<HM 

A  IS 

or  io^7.t3t„ 

/C  ^ 

^UB,  to  alsailate  the  bomb  pulse,  the  square  incise  must  hare  a  dumtl«i  of  about 
8  tiaee  the  tine  to  the  nsxlBUB  of  the  bomb  ^ulee. 

ihe  peak  intensity  (constant)  in  the  rquare  pulse  must  be  oorrespondin^y 
reduced  belov  the  peak  Iniessity  l:i  the  bomb  pulse. 

igain  one  notes  fron  either  (lO)  or  (ll)  tb^t  if  the  peek  teuperature  is  ee^ 
at  the  boiling  point  of  vater,  eaoh  equation  predicts  that  6  ^  will  raxy  as  t'ja 
square  root  of  the  tine  parameter.  Ve  shall  see  later  that  the  eiq>erlaental  datn 
conflm  this  predlotLon. 

The  Bolling  Point  Prohlen 


1.  The  Square  Wave. 

Retuniing  to  Bq.  (S),  ve  note  that  boiling  starts  at  the  eorface  vben 
T\C,  t)  «  vhera  is  t’  >  dlffe?  »es  between  the  initial  akin  tenperature  an** 
the  boiling  point  teoTierature.  thus,  under  ordinary  tfaemal  oonditlooaa, 
and  the  boiling  point  is  reached  wnen 


(11a) 


It  is  evident  fron  a  physical  standpoint  that  idien  the  boiling  point  Is 
reached  at  the  surfhee  of  the  skin  It  becones  quite  difflodlt  to  Incareaaa  the 
depth  of  bum.  The  high  Tcilue  of  the  latent  beat  of  vaporlaati^  (538  oal/gr) 
oreatas  a  heat  aink  vnich  ia  large  oonpared  to  the  energy  requlx^  to  Hat  to  the 


boiling  point.  Tfana,  at  apprcodnately  the  tine  t^iat  the  bolliBg  point  in  reached 
one  would  >  .tpeot  the  nawtnun  depth  of  dexnal  Xr-jus;^  tc  ooeur*.  To  H  sore,  the 
*  ^  fS\x  i  toial  energy  <^»  of  coare«»  under  vnlatton  of  the  pulse  tine  t^. 
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■KulooB  daju«6  can  occur  at  eppraciably  later  tlmea  if  the  reealnln^  heat  flur 
is  lorgs  ffumgh. 

To  discuss  the  effect  of  the  boiling  avay  of  skin  vster*  one  nust  start 
with  reasonable  assuaptions.  *^jeBe  would  xpptjjc  to  bet 

1.  'fiM  sklc  water  bolls  ^  a  thin  IsTer  near  the  surface  and  recondeoses 
at  'tiie  teimSjuiticm  of  the  heat  pul "9. 

2.  Vhen  the  skin  surface  reache;  the  boiling  pointt  the  teoperat^tro  die- 
trlbutLon  in  the  skin  does  not  differ  significantly  iuiat  It  would  have  been 
if  the  sutrface  teaperature  had  been  held  at  the  boiling  point  for  the  case  length 
of  time.  This  aastxBptlon  is  ^Justified  by  actual  calculations  to  be  given  later 
and  the  error  involved  in  the  assunption  is  Indicated. 

3.  The  dopth  of  the  boiling  zone  is  email  compered  to  the  total  depth  of 

the  injury.  Thus,  the  problem  can  be  treated  aa  one  in  which  the  tkln  surface 
ia  held  at  T  «  ~  required  to  reach  the  holUni;  point) 

after  boiling  is  reached  resulting  in  the  usual  conductive  solution  for  sodi 
prohleoe..  Thus 

(12) 

4*  There  in  u  critical  tettperature  T  =  at  which  tisree  necrosis  occurs* 

It  is  clear*  of  oourae*  that  asniraption  (l)  oannox  hold  under  extreme  oenw 
ditlons  of  heat  input.  Thus*  for  largo  as  is  decreased,  one  ultimately 

readieo  a  point  at  sbich  steam  is  lost  fr»;i  the  surface.  yit!iout  Itaowlnir  a 
great  deal  about  mechanical  and  thermal  properties  of  the  ddn,  we  oanuci 
treat  the  steam  loss  problvwa  except  by  appealing  to  the  data  given  in  Beferccce 
5l  a.g.,  see  Figure  6  of  this  Chapter. 

Vs  ds  know,  however,  that  when  the  boiUng  point  is  reached,  Vb»  taic^rature 
distrib.itlc-'.  Bhifta  free  thjit  given  by  (s)  to  that  gi«yn  by  aamvqptloa  (4)*  This 


U8  a  iB«:ijavaa  depth  of  damage  Khich  correnponde  to  oettiag  T  =  ,  In  (12) 

¥±th  t  r-  t.  ia,  of  co’orse,  detemloed  frocj  (lla),  for  aquar^  puiaee.  After 
boiling  io  reached,  the  depth  of  deaage  then  variea  aa  given  by  (l?),  i.e.,  aa 

It  ia  cl^r  that  under  the  assumptione  i&ade,  (13)  representa  a  naxinuiB  in 
the  expected  depth  of  damage  adnee  It  takes  rome  time  to  shift  from  the  original 
tomportiture  di.atribution  to  that  given  by  (l2).  t^  ia  the  time  at  which  recon- 
denaation  ia  complete.  This  time  will  be  caljulaled  using  reasonable  assusptlcRS. 
One  notee  that  x  decreases  au  s't  . 

In  the  case  of  very  amall  the  akin  water  must  bell  away  oaapletoly  to 
aome  depth  .  Thid  case  la  not  a  very  important  one  ae  It  la  an  extreme 
case. 


To  calculate  the  general  expreaeion  to  we  proceed  as  follows.  The 
oalcuirtion  rnathod  ia  illuati'ateu  for  a  square  pulse.  How,  for  the  square  pulse 
one  has 

Boillrg  la  reached  at  t  ■=  t  giv*ui  by  inserting  ^(0,t)  <»  7  in  (l4).  After 

s  0 

boiling  ie  reached,  the  temperatm  t  distribution  ia  given  by 


which  yialds 


T- 


-a  ti, 

I 


r  (T^) 


,nr~ 


'  *  m  •  1/  #/  a- 

For  a  square  pulse,  th>:  hent  in  the  boiled  fluid  ia  ^  aa^  at  th. 

time  at  which  recoudsnestion  ie  cosplate  one  suet  have 


(15) 


ji 


r 

<►  lx- 


dt  X  et'  it) 


7 


Rie  d*pth  of  daaBg*  at  t  =  is  then  given  by 


-  iiS  e^^'fn 

^  7  [TJ 


Intcfratinff  (13)  ona  has 


(18) 

from  (14).  ttus,  sniMtions  (’6),  (17)  and  (?6)  glvs  us  the  rtqvLlrGd  tolutior. 

As  santioaed  bsfore,  tine  j^iution  hold?  eo  long  tu:  the  vajortsea  w-'iti.  re- 
condensss  in  stesa  blebs.  At  extreoe  conditionr,  tiis  eterj:  sxpiodeo  fron  the 
surface.  When  this  oce\n'B,  the  depth  of  damage  falls  drastically  and  can  rist 
ajrsin  only  at  heat  inp.’ts  so  hi^.  that  they  are  cf  little  interest  here. 

To  swBsrlse  the  calculat^nns; 

1 .  aq<  are  Pulses. 

The  saudauB  depth  of  deaage  occurs  approrlamtely  at  the  boiling  wint.  At 
t>te  point  €,^  varies  witli  /t^  as  given  by 

£<? 

*  z 

After  thu  boiling  point  la  re-'.'.bed  and  in  the  case-  cf  so  steea  the 

depth  of  (isMge  is  given  by  (lo)  al  -tv  »ith  (17)  a^,d 

2.  ^b  Fulsea. 


The  earimB  dapth  of  dansge  agsln  ocjna-e  apr  oxiaately  st  .tie  tG-iiir.g  poh 
At  thie  point  varloe  with  /T  as  given  by  (ll)  wi  A  oqual  to 


A'ter  the  ix.iltng  print  is  reactsivi,  th(?  depth  cf  .UaaA«  it  gtven  by  >  .) 
along  with  ii7)  except  that  the  right  hand  »*a:hcr  '  t'-a;  be  changed  to  r- ;; 


J  ■*  ty  ' 


uh^re  I  th«  ir-coBpIet«  0<usB>a  itmctiCi.  as  T:abuiate<i  by  F«srsoii,  For  ih®  wisib 


pulso,  it  is  clear  that  (l8)  swat  b«  rspiaced  by  (5)  «th  T(0, t)  c.  and  t  = 
to  be  detflniLied. 

The  Critical  Taspersture 

3enriiiuea  (l)  has  diacv  sed  th®  jiroblem  of  tissue  destraction  in  tome  of 

a  simple  flret-ordei'  reaction  rate  formila.  For  constant  tissue  t*wperaturo, 

Henriqueo  hypothesizes  that  tissue  destruction  follows  the  lav 

-  ac 

(ir)  ^ 

/is  is  the  activation  ^'ne^gy  of  some  unspecified  tissue  destroying  reaction,  ? 

is  a  constant,  t  =  time  required  fcr  tissue  destiuotion,  T  -  ceBperaiure  and  R  = 

gas  constant,  -0._  is  ness  fixed  critical  '.'siue  required  for  tissue  necrosis. 

If  one  plots  Ing  t  versus  1/t,  and  if  the  theory  is  correct,  one  should  obtain 

a  straight  line.  Eenriqur.e  does  obtain  s  straight  line  for  tl:>j  seconds  but 

the  dat<;  fit  is  poor  Mlov  thit  point.  We  wish  to  dsaonetrate  that,  althou^ 

Henriques'  theory  may  be  ccnect  for  large  T,  tko  tissue  destruction  criterion 

(ij)  ie  not  correct  for  tlaea  in  the  boao  jsilse  range,  Iq  this  range  tleeue  de- 

etr.ction  occore  at  aoss*  r-t  tical  '-^uperaturo  T  -  independent  of  jailee  ti»s. 

c 

To  shov  that  this  is  so,  we  au^oa.1  to  the  baalc  data. 

!k>v,  trimiquss'  data  wer’  "iuen  by  holding  the  skin  ourface  temperature  at 

soae  fixed  value  ""  fcr  tiae  t  ,  for  ee— .  1'  ther'.  !e,  of  ooui-io,  a  time  at  which 
0  0  o 

the  in.;ur,y  cerreeponde  to  traneepldemal  n^’croais  with  dava^  limited  to  the 
epidewtie  OTiv  {.%  thicij-.eaa  of  about  0.1  i*#l.  The  imricus  miuee  of  T  and  t  , 

p  0 

corrrspoadifig  t»o  Uie  asore  deecrlbe-i  injury,  war*  detsr«iiM.a  by  Heurlquee. 
locjfiiV  at  tJi*  pro:'**  oath  -•-■p-.lly,  the  leBpa'-ature  dii'-’i-ibution  Is 


lov,  for  t  il  and  x^.Cl  art,  i'  small  ac  time 

*  n  '  ^  .‘K 


and 

Thus,  frot  (20), 

(21) 


r  •  ^  T  -  7 


ffrt. 


vhara  z  is  th«  apidsrmal  thicimses  anu  T  Is  the  tsmpsrr.txirs  of  the  epiderola. 

Clearly,  there  is  a  critical  teaperuturo  T  =  T.  if  when  one  plots  'jof,  versus 
1 

a  atraii^it  line  is  obtaiiied,  Figure  i.  shows  the  result  of  plotting 
Renriqvtea'  data  in  Ciia  way.  Tl'.e  body  akin  temperature  or  pis  has  been 

taken  to  be  and  the  raaperature  piottad  ia,  cf  oouree,  the  elevation  in 
temperature  above  the  normal  tooperatura  of  ’4°C.  One  notes  that  the  plot  is 


quite  linear  up  to  tlBeo  of  25  secoRds.  Ihe  intercept  at 


t  =  0 


yields  the 


critical  temperatu-re  T  =  18°C  above  the  noraal  tempemture  of  ^4°C.  Ihus,  the 
c 

a>'eo\ute  critical  taoperaturw  -s  52'^C.  Further,  the  elopo  of  the  curve  ie  0.24 
and  this  should  correspond  to  ta//v  .  Setting  0  =  54.4,  thie  yields  1  •  .012  cm 
which  is  certainly  a  reasonaole  value  for  the  epideraal  thickness.  Thus, 

ft  for  ticsu*  dcst^^ctlsr 


in  the  range  cf  boab  puloe  tiKes. 

Looking  st  further  dots,  luhl,  Sheline  and  Alpan  give  th*  folloving  data  for 
beating  01  the  rat  eea*  with  hot  water,  the  ui^iry  criter’.'in  '  ■  blister  foroa- 
tlon  viiict  cor»"eapcwj4e  roughly,  in  this  case,  with  trfineepidereal  necrosi-.  3ie 
data  are  ;pives  in  tlj«  tal-le  below.  Ohfort’t'vately,  we  do  not  know  the  initial 
teeperetcre  of  the  epidr-n:le.  In  m-  cr&a  .cich  ae  the  ear,  however,  th»  epidaieal 


tampers ^ure  oould  hardly  be  acre  than  about  two  drgreee  above  ui9  room  taster jh’jiW 
;f  25*^0 .  tti  -  ieBpenture  at  the  rwntei  of  the  a.or  •  ,  .  j  oelow  surface)  was 
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about  29°C.  ^lua,  an  eplderaal  tanperature  of  25**C  la  prcbrtly  abnit  correct. 
The  plot  of  the  Alpen  data  ia  cjhovn  in  figure  J>-  Soto  that  the  point  at  ^ 
seconda  cannot  be  xiaed  ae  thla  ietsgth  expoeore  puta  us  In  the  xungo  vbere 
htnnques'  theory  is  valid.  The  ^int  at  0.25  Bewsnas  ia  suspect  due  to  the 
difficulty  of  controlling  the  czposurs  tise. 

Table  X 


Kedian  Effective  Voter  Teoperattires 
Bequired  to  Produce  Blistering 


Exposure 


Tine 

(sec) 


Bxposed^S^  of  Ear 


0.25 

0.50 

].0 

20.0 

300.0 


71.0  t  1.1 
69.0  »  0.2 
64.4  *■  0.2 
.53.0  *  0.2 
47.6  *  0.9 


The  criticai.  teaperature  tuna  out  to  be  51*C  as  against  52^0  ftoa  the 
Henxxquea  data.  Thus,  it  appears  that  ve  can  talk  about  a  critical  teaperature 
and  that  the  valtie  of  this  critical  twperature  ia  about  52*^0. 

The  reader  should  note  that  tha  slope  of  *he  curve  la  0.23  oorreapoudLig 
to  z  a  0.12  an.  This  oonflros  that  ve  are  again  talking  about  traneepideTaBl 


naercsia.  Tlie  authors  aundaad  that  this  aaa  so. 

Ckxroaricoo  of  Theory  ulth  Measareaeuic 
Ve  have  noted  fXoa  Bqe.  (lO)  and  (U)  that  a  boab  pulse  say  "b*  x'oplaced 
by  an  equivalent  square  pula*  In  the  sense  ttiat  for  the  square  pulse  asy  ^ 


oujua  bvu  s»w  ifUMv  I  mm*  — 


stsrfa 


itsre 

and  tha  histIm  equare  pulse  surface  temperature  are  tiw  aaaa.  iroa  a  pacao- 
ttcteZ  atandpolntf  howeecTy  tide  equivalenoe  aay  ba  extended  as  foUoast 

(a)  If  tne  tiaa  to  the  aaxlw  of  the  '*'l.i.i  la  ^nid  If  itm  teah 
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pulae  is  by  a  8q;aare  pulse  cf  duration  7.85  t  ,  then  the  depth 

of  bum  will  be  given  to  good  approxiaation  by 

(22)  “(*1  7.»i  1^ 

where  T(z,7.35  t  )  ie  the  aq  lare  Tralee  tenpersture  diatzibutioa  at  t  >  7.85  t 

o  s 

(the  end  of  tV^e  pulse),  T  is  the  critical  tenperature  and  x  is  Idle  depth  of 

c 

bum  as  calculated  from  (22).  In  other  words,  the  temperature  diatributloa  at 
the  end  of  the  square  pulse  does  not  yield  a  significantly  different  depth  of 
damage  than  one  wpiU-d  obtain  by  finding  the  gartaami’  depth  at  ihlch  7  reashoa 
for  the  bomb  pulse  itself.  This  aptprozination  ia  interaetiiig  and  *iaaful  and 
yi 11  be  justified  by  actual  calculation. 

A  second  point  to  note  is  that  the  square  pulae-boi^  pulse  equivalence  as 
stated  above  carries  over  into  the  region  where  the  auzface  temperature  reaches 
the  boiling  p>oint. 

l^us,  in  comparing  theoretical  results  with  experimental  I’eaulta  we  ahall 
compare  aqiare  pulse  calcul&tiaca  with  square  pulse  experlmaiital  data.  9iaa 
we  Shall  ooapare  hoid)  pulse  data  with  the  square  pulaa  aqulvaleat  calcnlatioa 
aa  statad  above.  Finally  we  ahall  show  that  Uie  bosh  polae  tiieoretlcal  cal- 
cuintiens  4c  not  differ  sigrsiflcaintly  frea  the  equivalent  sqwre  pulse  tiieexy 
as  defined  by  (a)  above. 

In  the  previous  ssotlon,  we  datsxminsa  tbs  oritlaal  tmaparature  7^,  and 

*b»  ddn  constants  /0,  c  and  Z  were  detsxmlnsd  from  Prftawmos  (2).  Vs 

*  •» 

now  uss  Rsfareaca  (5)  to  eamjp6X9  pulse  data  with  Bqcdmrs  pulse  tlieCJT  end 

lafarancs  (6)  to  ooqpara  aquivalant  8q:u8ra  pulaa  theory  vltii  both  boaib  pulse 
data  and  bomb  pulse  theexy  . 

for  the  oonveoLanoa  of  the  xeadai*  we  will  present  aona  plots  of  the  baalo 
thsoretieaj  expressions*  Figure  J  shows  a  plet  of 


4<5 


€9. 

for  the  oquarc  pulse.  T(s,t^)  ie,  of  coiire*,  the  maxirMa  temperature  achieved 

at  047  depth  X.  If  one  eete  T(X|t  ^  a  f  ,  then  ona  can  calculate  the  depth  of 

t>  c 

damage  from  this  curve  provia..at  of  coureey  that  T(0,t^)£T^,  i«e.,  provided 
oolllng  la  cot  reached  at  the  auriace. 

Curves  of  depth  of  damage  voraui.  t^  for  fixed  are  ahovn  in  Figures  4  and 
V  for  a  critical  teaperature  of  32^C.  Ihe  damage  depth  after  holUiuc  seta  in  is 
ccloulated  as  indicated  earlier.  The  sudden  jmp  at  the  boiling  point  is  caused, 

of  course,  by  the  assumption  that  the  temperature  ilstribudon  shifts  immediately 
to  that  given  by  (12).  Thla  does  not  occur,  of  course,  except  at  ahallov  depths 
and  hence  the  calculations  for  the  boiling  case  represent  the  greatest  depth  of 

damage  to  be  expected, 

iev,  «e  noted  earlier  that  the  akin  does  not  react  like  an  opaque  object. 

The  fact  that  this  ia  so  reduces  the  tamperatuare  for  the  deep  dermal  bum.  Since 

ie  so,  ve  know  that  our  calculated  depths  of  iixjtixy  are  too  hl^.  Ve  can 

compenaate  for  ^ia  by  raising  to  some  effeettve  value  hi|d>ex’  tiian  tibat  ob» 

talned  from  the  data  of  fifsoriquea  and  Alp@.  The  offset  c?  shiftisg  ?  to  58^0* 

c 

is  ahom  In  Figures  6  and  7.  The  obange  in  deptii  of  damage  is  not  exosmalve.  m 
other  vords,  the  flash  bum  damage  depth  ia  not  exoeeslvely  critical  to  tha  faov 
that  tha  dcln  la  trmnsluoant* 

It  is  DKM  of  interest  to  ooapere  our  ealculatlcaa  aotual  experiiMntal 
sqpiam  pulse  data.  The  dotted  curves  on  Figures  4*  6  and  7  ere  erq^erimenlal 

points  taken  from  Figuirs  2  of  Baference  3*  Tha  readar  dbould  note  tint  the 
aocuracy  <’f  the  experlmantal  data  oamot  be  ver.r  good.  In  faot,  the  expcrlaanfeml 
depth  wf  ^rage  es  determined  f^eom  measured  derth  of  v*ollafan  damage  (Wgura  2, 
Bef.  3)  not  agree  at  all  veil  with  the  earae  dnte  eipreeeed  In  quertara  of 

*  va*  jhotsn  to  obtain  a  rough  fit  to  the  shape  of  eome  u^erimmuial  eurvee 
glrm  ia  fieferenae  9. 
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dwiwl  collet  destrojwd  (Figure  3,  Rftf.  5).  Th*  error  in  tiae  «t  ehich  ooxl^nua 

damge  occurs  le  also  large  (see  TtAle  1,  Hef.  5).  The  tLase  •naj  b/  factors  of  2 

end  5.  Thus,  vo  have  quite  reasonable  quantitstlve  agraMent  with  the  ezpeiri- 

Bsutel  data.  Ve  oaimot  expect  goo^*  agreedsent  betire<jn  the  shaped  of  the  KcpmrL- 

nental  and  thooratical  curves  'or  tite  reasons  indicated  above.  The  oonpaxison 

of  theory  aud  exjfieriaent  at  the  maxlauB  looki*  r?  foilovo  fcr  the  case  T  «=  5e'’c, 

c 

T^bie  2 

Theoretical  and  Bxperiaental  Depth  of  HaxlauB  Collagen 
Dsaage  for  Yftriovss  VaV.;aa  of 


(cal/cm^) 

Experlsental 

Theoretir-J. 

>.(-) 

x^(asi) 

20 

1.9 

1.35 

16 

1.6 

15 

l.C 

13 

1.2 

10 

.8 

.7 

8  .5 

5  .2  .3 

In  aaklng  the  coq^arlsoa  ve  have  taken  one-half  the  boiling  point  dvnp  as  a 
reasonable  ooapeusatlon  for  the  fact  that  the  tranaitioo  to  a  new  tmperature 
distribution  cazmct  occur  i.  jesdlatelv. 

To  show  ths  variability  in  tbs  experiMutal  data,  ve  have  reptroduoed  Flgur* 
3  of  Ref,  5  in  Figure  8  of  this  copter  and  Figinre  2  of  Ref.  5  as  figure  11  of 
this  chapter.  The  reader  should  note  tho  ^ergs  diange  In  the  shape  of  tbm  cxk 
perieental  curves  ^sn  the  injury  is  expressed  in  quarters  of  dexmle  oaetioyed. 
The  BBxlauBi  at  20  oal/oa^  cosms  at  16  eeoonds  In  figure  3  of  the  xefareBoa 
whereas  it  coses  at  about  8  eeoonds  in  figure  2  of  the  reference.  Thus,  the 
shapes  of  the  experlswotal  cu:rves  oexmot  be  very  accurate  due  to  tne  inhsarmt 
Aifficultiea  in  estisatlng  dasage  dr^th  in  edesatous  tiaaua,  Tba  curree  xa 
figure  3,  I.nrever,  agree  rather  well  vlth  the  r  -  ^  thsoretloal  ahape.  One 

O 

can  ao«  t>-x  rathar  flat  behavior  of  tho  20  oal/m  curve  to  tiie  rl^o.  of  tiie 
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maximum  tuwi  thore  is  even  evldwjce  of  readjuatmwit  of  the  itspenture  dietribu- 
tion  as  V*ciling  ocoia^^  at  about  20  seconds,  fir*  also  sees  the  xinear  dscline  to 
the  left  of  th  >  naxiBum  with  a  s'xorp  break  downwards  presumably  when  partial 
ateam  blow-off  crccura.  Ve  nave  Cut  attempted  to  estlBete  Ihe  point  of  steam 


blow-off  theoretically, 

Ve  can  aay,  I  believe,  vitl-,  eeneidcreble  rsliebili.ty  that  heat  given  is  a 
very  short  time  with  steam  blow-out  will  give  the  surface  appearance  of  a  3ril 
degree  (full  skis  thickness)  btim  whereas  this  will  not  be  the  case  at  all.  Dxus, 
one  cannot  expect  coirelation  between  surface  appuarence  oud  depth  oJ  isjnsy, 
particularly  in  extreme  cases. 

Finally,  as  to  the  tLno  at  which  the  theoretical  manmun  damage  is  raadhed. 
we  can  only  say  that  this  occurs  at  approximately  the  boiling  point  and  perhaps 
slightly  earlier.  At  the  boiling  point,  our  equation  (lO)  yields  ths  rssilt 

2 

^s  approxLmate  relation  between  total  calories  per  cm  and  pulse  duration  at 
the  maximum  is  plotted  in  Figure  9.  The  measured  relationship  from  Ssferanca  3 
is  also  8howr>«  The  agreemani  is  rather  stai’tUng.  One  xw>te8  right  away  ^t  the 
measured  curve  of  Log  versue  has  slope  approrlgately  l/2  as  it  aiiould  theo¬ 
retically  aztd  also  that  theory  and  experiment  do  net  differ  appreciably. 

AB  a  further  check  on  the  liieozy  we  use  the  aiuulated  bomib  polae  data  of 
Reference  6.  Tablee  fxom  this  reference  are  given. below. 

Thble  3 

Median  Values  at  5  oal/om^ 


Radiant  Bxpoaure 

depth  of 

Sxposuxe 

Veapon 

Surface 

Be^mal 

KasL.C^sl 

Tj,vld  (ff), 

3iBtic.te  fail 

1.8 

20 

'•■HO 

0.055 

2.5 

40 

«  4 

O.OD 

4,0 

100 

St. 

0.00 

12.6 

1000 

1+M 

0.00 
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Ficirais  9 


"•latloaaiiip  Between  Tho  Crltltiil  Expeeupo  Tiae 
Tot  MexliMl  Derail  CollaKeu  Damage 
Meaeured  In  Mllliaeters  and  Radiant  Exposure 


I 


30  -1 


n — I — r"!  I  r  I  'n  t  n  irr: 

5  6  7  8  9/5  2C 


iixpTiiu're  Tim* 


p 

Valuaa  at  10  cal/ca 
Radiant  Expoeuru 


Exp;aure 

Veapon 

Surface 

SilSLissp} 

Tiaid  _(KT) 

ippear&nce 

1.8 

2C 

3-9R 

2.5 

40 

3+S 

4.0 

100 

3+« 

l2.6 

liXO 

J-MS 

40.0 

10000 

2-t-S 

Table  5 

p 

Median  Values  at  1';  c^j/cw 

Radiant  Expoff'ijra 

SipOBvire 

Veapon 

S'.vrface 

TIm  (Sec) 

Tiaid  (KT) 

Appearance 

4.0 

100 

3-kS 

12.6 

1000 

3-t8 

40.0 

lOCOO 

?'+S 

Tabla  6 

Median  Values  at  20  cal/caa*' 
Radiant  Scposur« 


irpeeuxe 

Veapon 

Surface 

Tin*  A3ec) 

OQ) 

Appearance 

4.0 

itX 

5-t« 

12.6 

1000 

>+S 

40.0 

IXXX) 

3*S 

Depth  "f 
Denial 
DiWtfe  im) 


0,46 

0,35 

0,46 

0,~1 

0,07 


Derth  of 

Denal 
Pwftge  (m) 


0.92 

0.85 

0.62 


Depth  of 
Denial 


l.Ot 

1.39 

1.43 


Botei  !♦  -  erytheoa  i  ^  aild 

2-^  -  peten/  ¥t'  ■.  e  iuni  n  -  aoderatr 

>-  -  laiifom  white  Ui;.!  S  -  eevare 

4-*  -  stea«  bleb 
5*  ■*  ■:;arboaiBation 


I®  reediac  tables  the  reader  ahoa’d  ■  that  ths  depths  elves  ref„,'  to  the 
denaia  only.  To  get  the  total  depth  of  laaage  one  eurt  edd  the  eplderael  th<'-k- 
aeae  of  about  0.1  ea.  It*  >x»par:*.-.3  of  tables  with  theoretical  '^-iluea  ie  given 


beloe.  Tbts  U'.»oretical  checi'  waa  sale  by  uadog  the  e<;'iilr4..en.  aquare  pulse 


fiftlculationB  (a),  with  t  =  t  /7.85.  We  ahall  pi-eaent  the  same  ^ om^nrison  for 

Q  O 

the  theoretical  bomb  pulse. 

Table  7 

Comparieen  of  Theore  ical  and  Calculated  Depths 
cx  I^mage 


Vaenrm 

0 

-  5 

0 

^  10 

0 

0  A': 

Tieid 

Mewameamaiw 

^  T) 

&£ 

Ih 

o 

Mr 

•IT. 

r'n 

c.xiT  *  iS 

-  ' 

.<aemr  ’ 

20 

.16 

.28 

.6? 

40 

.14 

.27 

.45 

.64 

100 

.12 

.26 

.5^ 

.68 

I.C2 

1.04 

'.'.b  i,,-'7 

1000 

.05 

0 

.41 

.54 

.95 

1,00 

1.79  1  '2 

10000 

.17 

.15 

.72 

.75 

1.43  i.i;' 

The  a^reenent  between  theoretical  and  experimental  pom -a  is  tfoll  witiun 
variability  of  the  szperlmental  data. 

The  reader  should  note  that  for  the  case  0^  =  mean  value  o:  den-..! 

daam«e  was  used  ra^r  than  the  median  value  ae  riven  in  Table  3.  In  Ihia  case, 
Ine  mean  and  the  mediau;  differed  significantly.  This  was  not  true  in  the  other 

OddC^e 

How,  »e  wish  to  show  that  calculations  based  cn  a  eqiiare  wave  pulse  of 

duration  7.85  t  do  not  diff'.  .  signif.oantlv  from  bomb  jailae  calculations  of  the 

s 

■eae  total  eeergjr.  Ihe  bomb  pulee  calculatioas  sre  given  in  the  table  balovi  for 

T  •  58'‘C  and  T  ~  52°C.  The  former  value  f.tto  the  data  setter  as  we  have  noted 
c  c 

ea;?ller. 

Bte  rrmulta  in  Table  6  may  be  compared  with  Table  7,  umieg  ^  C.  Agree— 
mKt  Im  excellent  except  in  a  few  «ieee  xhere  the  weapcei  yield  ie  high  t-he 
dej.th  of  dsaage  ssill. 

rinelly,  we  £:ow  ir  Pmxrs  10  tvo  iii.ee  bounding  the  der’al  bim  arv,: . 

Hie  top  ^Ine  is,  cf  couree,  tJie  li.'io  si''ng  which  nariiaa*  depth  ■  '  burn  cccir? 
ae  plottad  u  figure  8.  The  lower  line  is  the  li  .  ■*  -  which  the  critical 

tfpamtuia  1  reached  at  th.e  .•urface  tf  t.he  skin. 


'fiGiiEi;  in 


Tcrtuii  Il*ld  f«  th«  Line* 
SsmadlBg  tha  Burn  R«fi9B 


T<*^  {McoMrix) 


Tabl^  8 


Depth  of  OBoags  Versus  Boab  Yield  ror 
Tus  Ther»al  Hilas  cf  a  Weapr<' 


T  =  ?2°C  T  =  53°C 

c  ___  C _ 


¥ 

Q 

_ 

JL 

i.Cn) 

X 

B 

1.45 

1 

20 

B 

l.X 

10 

X 

B 

1.48 

10 

n 

1  'Y'Y 

J.  •  ^4. 

?0 

20 

B 

1.49 

20 

20 

B 

■  1.^  ^ 

40 

20 

B 

1.51 

40 

X 

B 

1.25 

100 

20 

B 

1.53 

JX 

20 

B 

1.26 

ICOO 

20 

B 

1.62 

lOOC 

20 

6 

1.34 

10000 

20 

IB 

1.53 

lOOOO 

20 

.90 

1 

lb 

B 

I.IO 

1 

15 

B 

.910 

10 

15 

fi 

1.12 

10 

•• 

B 

.926 

■20 

15 

B 

1.14 

20 

15 

3 

.943 

40 

15 

B 

1.15 

40 

15 

B 

.951 

IX 

15 

B 

1.17 

IX 

15 

B 

•  967 

1000 

15 

B 

1.25 

lOX 

15 

3 

1,03 

1 JOCO 

15 

H3 

.980 

iOOCO 

15 

IB 

.55 

1 

1C 

B 

.743 

1 

10 

B 

.614 

LO 

10 

B 

:o 

1C 

B 

.638 

.30 

10 

B 

.783 

20 

10 

3 

.647 

40 

10 

B 

.799 

40 

10 

» 

.661 

IX 

10 

B 

.322 

IX 

10 

B 

.680 

■  000 

10 

n 

.730 

ICvX 

10 

n 

.440 

IJOOO 

10 

KB 

.4X 

loax) 

10 

n 

.070 

1 

B 

.390 

1 

5 

B 

.322 

10 

5 

B 

.41? 

lO 

5 

B 

.345 

20 

5 

Ti 

.iOn 

?<> 

5 

SB 

40 

s 

IB 

.375 

40 

5 

SB 

.240 

IX 

5 

IB 

.330 

IX 

5 

IB 

.2X 

1000 

‘j 

IB 

.14^ 

loai 

5 

13 

0 

cooo 

5 

IB 

0 

•OOOj 

IB 

0 

MoUs  B  -  bolli.if 

IQj  «  ««r»  <’ 


CQHCLGSIOHS 


1.  fhfs  iheoty  v^aented  here  is  adequate  to  predict  depth  of  dan^  fzoo 
thenaal  pulses. 

2.  I>epth  or  bum  'Tobably  not  be  assessed  oXinicftlly  with  sccuracj  by 
surface  appearance. 

.  pulse  of  iiratlcri  t^  -  7.9^  «"d  beteh*  i/7-ffi  (do/dti^^ 

is  cmaoequate  alniilatlon  of  a  hrab  pOlee.  vnere  ydcyatj^^  xa  tii» 
intensity  in  the  bonh  pxloe. 

4.  Ttssue  necrosis  occurs  at  a  critical  teaperature  52  C  for  beat 
application  of  the  duration  range  of  boBb  isilsas. 

5.  Bie  2^  bum  curve  L'.  W  23-200  Should  bu  dispensed  with  and  actual  depth 
of  daaage  versus  0  and  duration  should  be  \»ed. 
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Ve  wish  to  oonsldor  the  oese  idiere  personnel  arc  exposed  to  a  £j.ven  fraction 
of  the  thernal  pulse  and  to  compute  the  aeoociated  depth  of  daaafe.  Tram  a 


taciicBl  ataodpointf  exposure  to  a  durtiail  pulse  occurc»  of  ooursof  idsen  personnel 

are  ahle  to  talcs  araalva  aclLt/.^  and  reach  a  re«d-on  of  partial  or  total  thezaal 

‘ Sraoios.  Is*  for  *■.-.?  ‘r  fy^rr.  i-* , 

bosh  aiae  bedLng  in  exeeas  of  100  KT.  . .  ‘ 

Vroa  a  matheoatical  standpoint,  we  use  the  expression  (3)  for  the  tomb 

pulse,  with  the  farther  condition  that  do/dt  >  0  after  some  critical  tlae  t  >  t  . 

0 

one 

^.0 

It  appsaradto  ua,  at  first,  that  an  exact  eolution  to  this  problen  was  not 
poaaih'>a  einoa  tha  rsquixcd  LaFlace  tranafozna  wara  not  tahulatad  and  appaarad 
inpossihls  to  svaluats  in  say  coxrrsnient  ansljrtleal  fora.  Bovavsr,  it  was 
notioad  that  the  problsa,  stated  in  the  form  of  a  Orsen's  function  integral, 
oould  ha  aolvad  in  el(«sd  Onw,  one  fozoulates  Ifas  sq[ulval«nt  solution  as 

foUovs* 

At  t  ■■  t  ,  the  taaperature  distribution  is  giv<w  hy  (5),  i,s., 

(24) 

¥*  tiMn  seek  a  ftmotlon  T^(z,t)  ouch  that 
and 

25i|  *0 

Ihs  probler  la  than  aolembls  in  texns  of  a  a  ^xcction  integral  idtii  kenml 
0(x,x',t}  noh  that 

(l)  tf  I'Atiaflta  tha  hast  flow  sqiiatlon,  end 


(2)  6  Batiafles  the  l^oundary  coadlta.on 


xi. 


for  all 


t>0 


Ite  function  G(x,x',t)  turns  out  to  be 

G(x.*U)-r%5r  U  €  J 


(25) 


f:r*C  Is,.^  ... 


'/T 


Vt 


(26) 

If  one  introduces  the  cctation 

?C  ^  e  "5^ 


J  TCsir.Vx' 


the  integral  (26)  reduces  to 

(27)  e 

<  « 

ihen,  setting 

-  A*.xi 


f 


«  A*  - 


('e.t^.^)-x*  ♦  Au*. 
r(t,tj.^) •  A*  ♦  A'u*.* 


One  evaluates  (27)  and  finds 


(2b) 


C'«4  f'-f )) 

Equation  (28)  is  the  exact  solutian  of  tte  problm  as  «*»  asj  xazlfJr  directly. 

We  wust  no»  consider  -iie  lladtatlons  isposed  on  the  oaloulatd.cn  by  «ie 
occurrence  of  boiling  at  the  surface.  Our  rlespolnt  elll  be,  incofte  as  the 
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partial  pules  la  oonoorsadf  that  evasion  ia  tnoffsotiva  if  hurm  iMoh  rooult 
in  hoiling  oosdltioiui  cannot  be  avoided*  Zn  aa^  svantf  ve  know  that  iiH  depth 
of  box:^  ■!<«  edirply  attoouated  whan  boiling  occurs  and  henee  ve  aboil  Uadt 
lartial  pulae  colculatlona  to  aub>boiling  oonditlora*  ffaue*  va  lapooe  the 
condition 

(29)  T(cig*T. 

where  7(0^7  )  la  s^vsa  b7  (24) *  Ihe  csnlitlon  (23)  eleo  lialte  the  valtiee  ot  x 
c 

which  ve  Kust  oonaider*  lor  injaoej  cannot  occur  unleoe  T^(ztt)  Teach—  the 

critical  toaqperature  7  .  the  depth  x  is  lialted  bgr  the  conditiOB 

c 

(30) 

or,  put  another  waj, 

(31)  fc  i  -  .Jf 

for  on  effective  critical  t— pereture  of  58^C*  If  tiie  critical  t— peravure  is 
— t  at  52^C»  the  condltlott  is 


',>2)  0*2^ 

The  latter  oonditian  is  sufficiently  brood  to  cover  any  reaeonahle  vml—  of 


orltlo&l  t— peroture* 

Calculations  of  depth  of  in^y  for  partial  pula—  ore  given  la  the  table 
below*  fhe  bohb  sis—  oonolderad  ore  1  IS  and  10  IS  with  oriiloal  otasiaa  tla— 
of  1  eeo(»u  and  2  seocDds* 
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PAETIil,  PULSE  CALCUU’nOIS 


C«M  W 


ICOO  IT 


X  (cm) 

-  (sec) 

1^ 

T 

aw 

'  ^  ^  “ 

>  ^  /%r* 

^  #  vy  1 

A.  • 

.02 

*3. IS 

8.36 

.04 

k  -*  .63 

6.43 

0 

2.00 

11.58 

.02 

2.00 

7.6S 

.04 

2.00 

4.67 

0 

1.00 

8.07 

.02 

1.00 

4.44 

.04 

l.'X 

I."" ' 

Cacd  V  lOCXX  IT 


X  (cm) 

t_(80c) 

T 

SkX 

e.Q, 

0 

k  6.63 

.02 

»  8.55 

5.35 

.04 

klO.8 

4.51 

C 

2.00 

l.?l 

*02 

2.x 

.962 

.04 

:.x 

.463 

v 

l.X 

.300 

«v2 

1.07 

.176 

.0. 

i .  CO 

.  1*6 

V. 


I 

i 


APPEirjIX  A 


APPETJDIX  A 


It  13  realizoil  that  some  of  the  rtelera  of  tins  repcvt  will  not  be 
fmlllar  with  all  of  the  mathenwtiee]  techniques  fo:  solvirif’  t  ;l'  nett  flow 


equation. 


"’he  solutions  can 


"Hays  ba  ciiucked,  uowever,  by  iiio  loliowlnfj 


process.  Firs'’-.,  the  solution  m'lnt  satisfy  tho  ’oat  fioi.  oquation 


(1) 


^  dS 

?X  wt  >t 


where  we  teve  set  ^oc/1:  --  a  in  the  te/i. 

Second,  the  solution  must  satisfy  tiie  required  inili-’  .Mndition  end 
the  required  boundary  'cnditions.  Thus,  for  e'xanDle.  the  .'-olutlon  (5)  on 
'pege  35  must  satisfy  the  initial  condi  lion  T(x,0)  =  0  at  t  =  0  for  all  x 
eince  we  have  defined  T  as  the  excess  of  the  skin  twiperature  o\er  its  Ini¬ 
tial  temperature.  It  ’o  clear  ♦'hat  since  the  exponential  term  in  (S' 
approaches  zero  for  all  x  aa  that  the  required  initial  condition  la 

aatiafied. 

Now,  also  in  the  case  of  (5),  the  boundary  -onditicn  at  the  surface  io 

do 

that  the  radiant  heat  input  £  must  at  all  times  equal  the  heat  conducted 
away  ?roo  the  surface  ~k  .  Th'js,  one  computes  -k  ”  from  (5) 

end  che-'lca  to  see  if  it  is  equal  to  £  as  gi'vea  oy  Finally,  one 

My  easily  differentiate  (5)  to  show  that  ■T(x,t)  satisfies  the  heat  few 

equation. 

TV^is  .same  process  of  ■:':'>cking  may  he  followed  throughoat  the  nathemati ce , 
fvr  eianple  In  Eq.  (fd)  on  the  partial  pulse  calculation,  It  is  <’  icus  that 
satisfies  the  heat  flow  eqiiation  as  one  can  quiukly  'ferify  by  dift'.r- 
antlatin^  under  the  integral  sign.  Further,  cinr.’  tl'erc  is  no  heat  input  for 


A-1 


0  for  all  t  >  0  and  it  is  easily  shown  that  tJiJa  i»  tru«  atncs 


t>0, 


X  ■  0 


0  for  all  t  >■  0. 
0 


that  T,(x,0)  T{x,tJ. 

1  - 


Further,  T  (x.t)  nutt  aatiofy  the  iniHai 
It  is  clear  that  this  initial  conditi^,.'■i  is 


hcwover,  since 


and 

unless  X  a  X’. 


£ 


VC 


•o 


JTi.Tb, 

£  C? 

Thus,  thfj  I»x2i  T^(x,t) 


t  -»0 


vz  0  for  ail  X  >  0 

as  t  -»  0  Tor  all  r  >  0 


A-2 


condition 

satisfied. 


In  t<J.c  section  v.fe  wisk  to  conpato  the  tiase  f-c-'j  bum  injuiTr  to  cnc.f  t  cf 
bfpOTOlwBlc  ^ock.  IherQ  are  certain  limitationa  to  the  nn  v?\ich  cmnot 

b«  rasolved.  nwse  am: 

1.  Tha  rate  of  fluid  loss  dtpende,  of  course,  on  tlie  particular  a  -ee  of  the 
body  which  ia  injured.  This  is  .videiitly  a  tihj'aical  phenomenon  iii  the  sense 
that  fluid  loaaefl  are  impeded  by  the  build  up  of  back  pressure  in  the  region  of 
lou.  The  capability  of  the  particular  bodji  region  to  build  back  pvessure  deper  •: 
on  tb«  "looaer.eae"  of  the  ae-ia.  Thus,  for  exanpJe,  fluid  losses  are  b'‘^er  in 
bUTua  to  the  backs  of  the  hands. 

2.  Fluid  replacement  needs  are  knovm  only  from  general  clinical  observations, 
thua,  c:!9  has  such  general  obaervationa  as  the  loss  rate  per  unit  area  for  a  bum 
asaeased  clinically  as  2°  and  the  observation  that  the  rate  is  twice  as  much  for 

a  buTi  aaseseed  clinically  as  3^,  We  also  have  the  general  observation  that 
fluid  lose  rate  is  a  linear  f(aiction  of  total  tissue  destroyed  fer  area  hims  up 
50^  total  body  area.  None  of  these  obaervationa  am  exact  in  ti  scientific  sense 
3*  Ihe  total  flxiid  loss  required  for  hypovolemic  shock  is  not  known  aocuincelv 
5ie  lim-»  tj»ti  nns  listed  above  are  not  as  serious  as  one  night  think.  First  of 
all,  the  critical  body  areas  where  fluid  loae  is  mpil  coincide  with  areas  v.hic)i 
OBUM  early  incapacitation  for  reasona  otnor  than  aliock,  i.e,,  the  backs  of  the 
haoda  and  the  face.  As  to  2.,  it  is  tras  that  the  clinicu'i  rsaeBsmonts  cf  bum 
area  and  depth  versus  fluid  loss  ars  aivi/  category  of  a  physical  ccas'rreman". , 

but  tbesa  aaaeeaaientt!  tend  to  be  valid  statistically  since  the  bum  surgeoift  ul- 
tiaataly  finds,  from  required  akin  grafta,  th*  approximate  extwit  of  the  injury. 

Ifae  lack  »f  knowledge  in  ?.  is  not  aerloua  eno'.vfd;  to  affect  uie  calculations 


Bppir*ci4%lgr.  ¥•  hai'e  vxMd  loss  of  olood  voIum  as  s  crltorion  for  shock  end 
rtlssd  this  to  4^  ¥h«n  thA  InM  in  normct«d  for  plsfos  protein  h&xsncs  sequirsd 
tbroush  flov  of  interstitial  fluid  into  tha  circulating  blood.  This  criterion 
sust  be  rogardsd  as  conservative  on  account  of  the  correction  lor  protein  balance 

and  also  because  of  the  proltt.^ility  that  neurogenic  shock  esu  also  occur  or  that 
as  Dr.  Vogel  saers.  "tnere  is  undo ..btadiy  a  j^anlc  factor  involved". 

VLth  these  llaltatione  in  mind,  ^e  deff.ne  the  "statiatical"  2°  bum  as  a  ouzn 
lAlch  extends  to  half  the  dcnual  tiiickneas  which  ve  shall  take  to  be  1  ns.  for 
tbs  statistical  2°  bum  ve  know  that  the  fluid  replacement  requirement,  aside 
from  fluids  required  to  replace  insensible  losses,  is  2.0  c;  fluid  per  kilogram 
body  wei^t  multiplied  by  the  7?  01  the  body  area  burned,  for  the  first  24  hours. 
Tbs  reqtilrsment  Is  half  this  for  the  nscond  24  hours.  Ve  also  knov  that  the 
fluid  loss  ffte  la  very  probably  exponential  due  to  the  build  up  of  back  pressure 
in  tbs  injured  area.  In  addition,  we  ahall  take  the  fluid  loss  rate  to  be  pro> 
portlocal  to  the  total  tissue  destroyed.  Thus,  ve  sst 

7? . 

«s«  is  the  initial  ra'-e  of  lore  and  «<•  is  the  decay  constant,  for  the 
statistical  2®  bum  we  have 

I "df  •  i  'p  *  ( liters) 


If 


wf  *  to 


(liters) 


where  v  r  weight  of  body  in  kg 

f  c  ^  body  area  burned  to  a  depth  of  1  rm 
from  these  equatlonp  we  find 

(l)  ex.  =  .029 
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acd 


(2) 


Zo^u/'fx  to 
h€. 


Sine*  tfca  -Taraga  body  :«ight  of  a  nan  Is  70  kg  trJ. 
5.3  litera,  oup  shock  criterion  for  tho  atatistical 
y 

f 

jk,t  dt  ‘  '3io.^Z)=  2.2 


the  average  blood  volome  is 
2°  bum  is 

(liters) 


or 


>‘2.2 


or 


-at 


for  bums  ahose  depth  averages  other  than  1  mn,  wa  rer.lsca  T.  iii  {z)  by 


■R  x 

Q 

where  *  la  the  actual  average  bum  depth  in  nillinieters. 

We  can  now  oonstruct  a  table  of  tine  to  shock  versus  average  deptli  x  and  ^ 

body  ares  burned  f. 


Table  2.1 


Tise  to  Hypovolemic  Shock  Ve-^JS  Average  Bum  Depth 
and  Percent  Body  Area  Burned 


.3 

.5 

.1 

i,o__ 

1.3 

1.5 

h7 

2.J 

>'»  . '  J 

10 

(53) 

32.1 

25.8 

21.4 

17.2 

7.6 

15 

47.6 

25.8 

17.2 

15.5 

12.4 

10.7 

5.2 

20 

(53.1) 

26.6 

17.2 

12.4 

10.7 

9.3 

7.6 

3.8 

25 

36,5 

K‘.7 

13.1 

5.5 

6.3 

7.2 

6.2 

2.6 

30 

(71.0) 

25.8 

16.2 

J.U.7 

r9 

6.9 

5.9 

5.2 

24 

AO 

36.9 

17,? 

11.4 

7.5 

5.9 

4.P 

4.1 

3.8 

1.7 

50 

25.9 

13.1 

9.0 

6.2 

4.5 

V.P 

3.4 

3.1 

•s 

X  -  average  bum  depth  in  ns 
f  =•  JS  booy  area  burned 

The  encircled  poin^e  ropiesent  uc  shock  at  all  eince  the  ticjs  are  later  Ohn 
46  hours. 
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section  5.  Ihe  Prot-actlc-j:  Afforded  u-'-othing 


The  probleffl  of  protection  afforded  by  clo'd’ixv?  is  one  of  tt.e  most  difficult 

probleBB  in  the  area  of  thermal  ijums.  Before  proceeding  with  numerical  analysis, 

therefore,  it  will  be  of  in  ertst  t  consider  the  problem  in  a  qualitative  way 
in  order  to  understand  the  physical  factors  involved. 

rirst  of  all,  one  can  set  ce.tain  limits;  on  the  problem  idiich  separate  very 
aerioufl  bums  from  bums  of  a  leas  serious  nature.  Thus,  if  the  clothing  is 
Ignited  throughout,  it  ie  clear  that  one  car,  in  general  expect  very  much  more 
aerioue  bums  than  if  ignition  does  not  occur  at  all  or  if  it  c'cc'mb  oniy  the 
exterior  of  very  thick  protective  clcthing.  Sr-'nd,  the  tiar>amls8lvity  and  re¬ 
flectivity  of  li^t  wei^t  clothing  plays  an  ii-portant  role.  For  example,  the 
usual  white  civiliaui  shirt  will  transmit  about  30?^  of  the  incident  radiation, 
reflect  50Ji  and  absorb  only  2C^.  Thxis,  the  reflectance  and  tramsmittauce  gen¬ 
erally  play  a  more  important  role  than  the  absorptance  which  ultimately  leads 
to  ignition.  In  the  case  of  darker,  heavier  clothing,  absorption  is  over- 
v^lsiug  oonpered  to  the  transmittance,  and  the  reflectance  is,  at  best,  Z7ji  to 
of  the  inc  idact  energy.  This  applies  to  the  usual  military  summer  kivtifi  and 

g^vvla  *0  Wvll  oo  *  V/  Clvtulri^e 

In  the  CC3C  of  military  s^mner  c’othiiwt,  the  c  .''**'itig  can  either  heat  to 
the  ignition  point,  giving  a  very  eerious  bum  indeen;  or  it  can  heet  to  soiae 

point  under  ignition.  In  which  case  the  clothing  radiates  the  aosorbed  ener*y 
to  the  body  causing  a  bum  ehich  is  about  os  serious  rjid  s'ooMtiBee  worse  than  the 
bum  which  would  have  occ\u‘red  had  the  ei'ln  bean  bare.  This  lao'  tatemer.t  seems 
curious,  but  it  is  adequately  supported  by  the  oats- 

In  the  ;ase  of  heavy,  six-layer,  winter  cictv  <r  or:  encountere  the  most 
difficult  p;' '.-lom  of  all.  It  ie  very  probfir^y  pr.  ie.i!  in  which  tl  -  physics! 
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faotcn  «rc  too  oonploi  to  allow  th«or*tical  troatnknt.  T'o  bo  but#,  the  ignition 
condltioBB  for  the  outer  layer  or  layere  can  found.  However,  one  then  has  to 
ooBSider  whether  the  fire  car.  be  put  out  by  r-olllng  on  the  ground  or  whether  it 


V 


phyTp'^nl  propsrcies  oi  military  ciot-.'-nj;. 


Hysical  DnU. 

on  Military  Sumer 

Clctl;] 

Lr.:: 

Material  , 

V 

p- 

c. 

J 

oz/yd 

.>  - 

White  cotten  sheeting 
lapregaated  cotton 

:t.2 

.  'fc 

■  51 

sateere  (?8) 

Black 

y.i 

nil 

.04 

.96 

.96 

Medium  gray 

8.2 

nil 

.28 

.7^ 

.72 

Green  poplin 

5.4 

.W 

"*0 

•rj 

.90 

Green  poplin  (TR) 

6.6 

.03 

.24 

.73 

.76 

Khaki 

5.4 

.■08 

.:5 

.?7 

Khaki  (FR) 

6.5 

.06 

.■'s 

.65 

€  =  Tranaaitij. 

•  ixy 

£'  =  Reflectance 

=  Absorptajtce 


E  -  ^2  ~  Si'fective  incident  fencrgy 


It  is  clear  from  the  table  that  the  transmittance  depends  both  on  the  cx)lox  if 
the  fs'ric  and  the  voigt.t,  Itiiio.  if  iliti-o  ia  'uiiit  effective  energy  incident 
the  white  fabric,  for  and  if  Ui«  '-baorpliun  coofricient  is  X(7dp‘'/oz,,-, 

then  »he  tranmitted  energy  will  be  -  .J6/.49  =  .74  (hs  have  remove'’  the 


•nergy  reflected,  of  course),  and  tlxe  absorption  coefficient  is  A.*=  .096.  rnui, 

p 

if  the  clo+h  thickness  were  doubled,  th»  tranaa'*  ssion  would  •ti''’  ^ 

Hence,  the  trenssdttanco  of  wJd.‘.e  cU  Ui  is  hi^  cotijwicv.  it  the  dark«>r  fabtlc?. 
Tho^wETti  clo^,  on  the  other  hand,  rellocts  half  the  incident  energy  and  this 
quality  ia  luite  Ifiiportant .  Ve  shall  refer  to  Tubl«  .5.1  la  tec  ,n  tht  Jiscuesio;: 
of  bums  under  noa-flaaing  fabric,  first,  however,  we  vlsh  to  di  scueo  the  pi'oblt” 
of  ignition  of  fabrics. 

2.  Ignition  of  Fabrics. 

As  thw  'aaic  differential  equiition  for  ig'c'ti.''  .  we  ret 


r  C  »  C  t 


— - 


'  t.' '  ■ 


C.T^' 


H«r«  vt  hev«  trtsted  th*  thin  fabrio  u  though  it  haata  *siifo7t>ly  «uA  loaaa  haat 
dturlng  tha  I'^ting  cyola  to  the  outside  only,  itoithar  aaaiaqpt:*^  la  strictly 
true  but  tha  a]?pFOxiaatlon  is  good.  Sqution  3.1  rnay  be  intaarbtod  dlzactly 
for  tha  oasa  of  a  square  pul.'-  i.a.,  for  dq/dt  ■  VO  have  seen  earlier 

that  a  square  pulse  of  duration  7>83  t^  approxi^tea  tha  boab  pul»j  Mdaquataly, 
lima,  netting  dQ/dt  >  ^ 

dt  /ofi  r. 


or 


_ dl. 


-7; 


o~  0  *  -a' 


dt 


It  one  sets  b^  ■  »  this  equation  integrates  to 


3>4 


*  a  t  siJA  i W'  r^/i, 

/•C  ^'Vk\ 


oat  at, 

at  t  a  Of  T  ■  T..  The  waxlmuB  teaparature  ia  raadiad  at  t  >  t  1  ao  that 

w  O 

if  T  reaohes  or  ezoeada  the  critical  tenperature  of  ignition  at  t^,  ttte  cleihiBC 
vill  burst  into  flsna.  Clearly,  tlie  critical  ccnditisn  fcr  ignitisu  is  givsn  by 
that  oonbinatioo  of  total  enarsr  ^nd  duratioa  t^  rhl<A  allovs  T  to  Just  reach 
-tbe  flri*ioal.,.t«»peratttce'"S^-  «sv't'n-T^,~^ 

t(tp)  -p 

uhere  la  tie  ignition  toRperatura. 

loVf  if  ve  eat  z  ■  T^A  and  7(x)  *  Log  |  l>Vl~<  |  *  2  tsn*^z,  than  (34)  can 
be  vrittott 

J,3  o'ffW-rfO]  '  t 
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1 


at  T  c  whan  t  =  t^,  whore  la,  of  course,  T^.  Hiua,  for  a  I'jxed  fabric, 
the  left  .land  aide  ie  a  function  of  ^/t^^  and  the  light  hand  aide  ia  a  fuzwtloa 
of  t  . 

A 

fbua,  given  for  the  i’bric  a’-i  the  pfulae  duration  t^,  the  ignition  energx 
ia  given  directly  by  3.3.  ?or  practical  uae  one  plots  the  left  hsnd  member 
as  a  fltaction  of  z  and  reads  off  the  value  of  z  at  which  the  left  hand  camber 
reaches  t^«  'this  yields  a  quidc  way  of  ooaputing  ignitioa  energies 

If  the  ignition  temperature  is  known. 

One  should  note  that  we  will  have,  in  general,  two  cases  to  oonsidei-.  The 
first  case  is  the  case  of  colored  cloth  where  -  j*-  0  and  =  Cg*  The  second 
case  ie  that  of  idiite  cloth  where  is  relatively  large.  In  this  latter  case, 
the  bum  process  is  dominated  by  the  transmitted  energy  as  mcdifled  by  the  reflec¬ 
tance.  Qius,  serious  bums  always  occur  prior  to  clothing  ignition  unless  tha 
white  jloth  is  vexy  thick.  This  latter  case  la  not  apt  to  occur  In  civilian 
populations.  Vith  military  clothing,  one  would  increase  the  reflectance  sot  by 
white  cloth  but  by  eui table  impregnation  with  reflecting  metal  pertislee. 

Thus,  in  general,  we  shall  eat  »  1  -  ^2  except  for  normal  civilian  lAdte 
clothes  idic-re  the  bum  process  will  be  ccmputed  usixig  the  transmitted  energy 
plus  the  energy  radiated  by  the  heat«d  fabric,  if  the  latter  should  be  appreciable. 

3.  Ignition  TSaperaturea. 

Ve  have  been  able  to  find  no  direct  data  on  the  ignitiot!  t^perature  of 
olotfaljig  aatwrials.  However,  we  have  proceeded  first  by  inferring  the  ignitioa 
temperature  of  newspaper  ao  given  in  Kgure  12-1  of  W  23-200.  Crdinaxy  news- 
paper  has  a  weight  of  3*0  x  IC"^  ffe/m"".  Using  a  nominal  vaisaivlty  of 
^  m  0.73  (the  result  is  not  orltioal  to  emleslrAtr  due  to  the  radlatlTe 
law)  aul  th<'  theozy  as  presentod  above,  we  find  bh«  i3.iltlon  teapere'ure  to  be 


about  ie40**P  r>T  J280®K.  Ws  then  Essamu:^  the  Ignitlm,  tcs?3ra*ur®  of  cotto»; 
clot^lirwf  uaiii^  a  solderlnj;  lip  healed  with  on  acetylene  fX4M».  fhii'  seewareiwr.i 
cannot  be  considered  ocouratei  but  It  showed  thi’t  the  Ignition  taeperuture  was 
between  1500®y  and  2000®F.  Since  we  dc  not  know  t)i»  ignition  tenperaturas 
accurately,  we  b:ised  eone  sample  calculations  on  iimitLon  teoQ)ex«  tureo  of 
1000°K,  liOO°)t  and  1280°K.  We  have  plotted 

the  three  ignition  tenperatures  tnentioned.  Ihe  calculation  procedure  is  oaoy 
and  hence  other  ignition  teaperatures  nay  bo  used  ^a  they  become  available,  i.n 
accurate  knowledgs  of  ignition  temperatoi'es  fcv  various  nateriale  would  be-  quite 
vtseful.  The  calculationa  gl^'en  in  the  next  section  are,  tj:erefore,  iI3’'strative 
of  final  reaulta  and  will  represent  an  accurate  picture  foi*  cotton  clothing  only 
to  the  extent  that  o\>r  Astimate  of  ignition  temperature  is  correct, 

4,  A  Sample  Calculation  of  Ignition  Energy. 

Referring  to  Bq.  3,1  *  one  can  note  that  for  the  vezy  small  bombs  where 
the  energy  Input  rate  is  very  hi^di  for  a  (ijlven  the  ignition  condition  will 
be  given  roughly  by 

,ocCT»(i-€^J 

f 

whaxv  is  the  rise  in  ter  pemturv  above  ambient.  9ie  above  equation  will  be 

4 

roughly  correct  since  the  time  during  which  the  radiative  T  term  can  act  is 
small.  On  the  other  end  of  the  scale,  with  very  large  bombii,  the  heat  input 
rate  for  the  same  is  low  and  tho  temperature  ozes.ps  up  vezy  slowly  as  tsmpsrs'' 
tures  near  the  ignition  point  are  reached.  In  other  words,  the  radiative  cooling 
terms  have  a  long  time  to  act  and  thus  become  predominant.  Tho  oonclualan  tvsnm 
Uie  above  obeervatlonB  is  that  Ihere  will  be  ns  simple  relation  between  yield 
and  ignition  energy.  Thu  relstion  will  depend  critically  on  igsition  tMQwrature 
and  somewhat  leas  critically  on  c  and  But,  In  any  er'ent,  there  will 
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b;  no  aimple  scaling  lew  in  tcma  of  the  yield  w. 

As  a-  eiajnple  of  calciilat.lon  of  er-.-rf;  we  shall  u.ie  one  type  of 

relatively  heavy  kliaki  havin^r  the  follcvir>^  physicet  constants; 

^  -  16  r  0  ^ 
c  -  0.40 


=  0 


The  heat  capacity  c  ie  an  estinated  average  value  for  heavy  irolecuibs  in  the 
given  teaperature  rsn«^,  estimate  was  taken  irov:  all  available  datj  troE 

the  Bureau  of  Standards  and  can  be  regarded  to  t>e  ns  eccurvte  p.a  necessary  for 
calculation  purposes.  Tne  ignitien  tempeinture  generally  ic  the  more  critical 
ptu  jneter.  In  the  calculation  below,  T.  was  given  the  higli  value  of  1840°?. 

Table  %2 


Ignition  Sncrgioo  for  Cotton  iOiaki 
?abric,  Weiji^t  12  oz/yd^ 


1  24 

10  24 

100  28 

la'O  36 

100)0  9i 


the  sharp  rise  in  with  bomb  size  in  characicristic  of  the  effect  of 

4 

the  T  rsdlsUon  cooling.  One  can  see  from  Pigunis  3.1,  J,2  and  3.3»  the 
ertent  of  the  sharp  rise  is  very  critical  to  ivu-tjon  temperature. 

5.  Buma  Under  Siaamer  Clothing  for  Cases  Where  ths  Clothing  Does  Vox.  Ignite. 

We  shall  consider  tho  cae  of  ordinary  miiitaiy  clothi;ig  (no„  ,<hite)  where 
the  cloth  is  essentially  opaqus  to  the  incident  energy.  Since  the  akin  tuvipera- 
ture  can  n<''...r  exceed  the  boiling  point  except  '  '’•■cy  extreme  ronditions 
of  aeatingi  ine  clothing  will  radiate  botn  to  tno  ir.taile  and  to  ekin 


8C 


burns 


apuroxinstely  »b  thou^  *he  or;  ecoh  side  vere  0  1,  i. 


will  be  uninportarl  Tur  i&riis'jr;  clothArr  ‘.suoeratuTes  below  600  K'  aabient 
teErpsrature  will  be  of  ihe  crdv;r  of  ^CXl'K  Rr;i  !!.=  b-jlli'-s  -  turs  3T5  If* 


Thuu,  >ay  •!;.'S3pcre*^L’‘e  cc.-rsc'i.o.'i  for  i  -raiiscicr'.  er.s  v.loth  vi  11  be  of  tha 
order  of  (j'TJ/BOC)^- .C5i  a  corr": -tjori  ni  is  not  uarrsr.tid  by  '>o  aceuraoy 
of  otiiar  piiysic&i  parsEstors.  to  the  ol.*;.  dur*.n«:  iha  ba&tiryj:  cycle 

c«n  bs  Igiiorad  due  tc>  the  large  tccsperature  gr".dlent  in  th?  aaterial.  ?hs 
cooling  cycle  is  slow,  however,  and  the  t-o' iurj-atur e  as/  be  considered  equalizfrd 
t.irou«Ji  the  a^iterial.  Thus,  radiation  fi'oa  both  sides  ie  allowed.  Hence,  the 
clothing  heating  equation  under  a  square  piles  is  the  aame  e.s  1:4-.  3*t'  with 
1  *■  ^2*  t.e., 


I  dt  “  tj. 

Th'*  reader  will  note  that  the  T  ^  ^erm  ia  included  not  as  a  correction  to  the 

0 

radiant  tena  but  to  fix  the  sero  point  for  the  clothing  heat  capacity  term  on 
the  left. 

ruling  the  cooling  cycle,  the  eqxiation  becones 


5.5 


with  T  a  T  at  t  ■=  t  ,  where  T  Ic.  the  ''axicua  clothir.^''  terjuerdture,  reached  at 
non 

the  end  of  tlie  theraal  pulse.  For  the  purpesao  of  this  calculation,  we  can  eat 


=  0  and  solve  the  equation  with  a  now  indoi-endcnt  variable  t' 

thiit  t’  *■  0  and  ‘2  T  at  the  end  of  the  thermal  puleo. 
a 


-  t  tuch 
0 


Ics,  ct^‘Ts*l  in}wt  to  th«  skii!  is 

■it  2 

wher*  =  aalaaivity  of  th^  kin.  ISiun, 


3.7 


^  , _ S _ 

^  fi  L'-:pJ^r:tp 


Stac*  th»  t«r«  2/5  (l'  will  >-5  cf  ths  order  of  0,1  io  0.2  sec”^,  the 

cooling  cycle  le  relativeJy  blow. 

To  shew  how  a  typical  huno-under-clothing  calculation  let  ua  ooacldsr 

A 

a  ataall  hceb  with  Q  ■*  20  cal/cm'^.  eha^l  take  the  same  khski  natexlal  aa  we 
c 


need  in  the  prerious  aao^nple.  Thus, 


^  «=  12  oe/y4«  ■  40  i  lO”^  gr/ co^ 


^c 


,  ’fi 


6  X  IZ- 


-5 


and 


1  -  €2  *•  55 


Since  the  fabric  heats  quickly,  the  radiadoa  correction  is  negligible  and 
^c4T *  i  -  -z) 

Ihtta,  •  W/l^klO”^  «  012*’c,  and  since  the  basic  amblont  tenpexature  le  300^ 

S  -  1112''^. 
n 

ilao,  the  total  heat  input  into  the  ekln  i»  l/2  the  stored  energy  in  the  fabrio 
or  6,5  oal. 

Sow,  from  ;,7  one  has 

r 
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t  =  1.72  sorionda. 


to 

Thus,  the  depth  of  bum  will  be  the  sai!.e  as  that  from  a  %'eapon  of  about 
40  KT  on  the  bare  akin.  Referring  to  o^ir  pre-.lous  oalrulatione ,  the  depth  of 
burn  is 

<i=  1.15  mm 

2 

For  1  KT  and  20  oal/om*^,  the  depth  of  bum  would  have  been,  for  bare  akin, 

vT  -  1 .45  iTiin 

Thus,  the  clc''  lng  offers  little  protection  and  this  is  in  a'':oordance  with  ar~ 
periaentai  obser/ations  (see  Ref.  8). 

At  lower  values  of  Q^,  the  bum  depth  with  and.  without  clothing  ie  very 
nearly  the  same.  Thus,  summer  clothing  offers  little  better  protection  than 
bare  sk  .n. 

It  is  clear  from  the  above  discussion  that  a  knowledge  of  ignition  tem- 
p«.;.‘‘uree  is  essential  to  a  complete  treatment  of  the  clothing  problem,  further, 
the  ignition  temperabore  of  given  material  will  depend  on  moisture  content 
(or  relative  ‘'U'-idity  if  the  materia’  haa  been  in  a  fixo^’  environment,).  Itous, 
a  complete  diecussioa  of  the  clothing  problem  cannot  be  made  until  ignition 


tempera vuree  are  avuxlabio. 


It  is  genaraiiy  (iO/icedeS  chat  burn  in.iuilos  tall  play  a  major  roJe  in 
atomic  warfare.  The  clinical  aspect  of  bum  injury  ere,  however ^  eegy  for 
the  layman  to  understand  and  coiisoquently  the  hirm  rroblem  can  easily  be  out¬ 
lined  for  operational  personnel  of  uha  services.  *;oreover,  the  uriderstanding 
of  this  problem  is  useful  and  importanx,  to  operational  cotmands. 

Bums  are  usually  classified  as  l^*”  degree,  degree  and  3^^  de(?ree. 

These  classifications  are,  however,  related  to  actual  depth  of  injury  in  a 
general  way  only.  Thus,  the  first  degree  bum  is  e.itirely  t-iperficial  with 
injury  confined  to  the  epidermis  which  is  about  0.1  mm  thick.  Clinically  an 
ordinary  sunburn  would  be  classified  as  first  degree. 

Ihe  second  degree  bum  is  one  in  which  tissue  necrosis  extends  through 
the  epidermis  into  the  asrmis.  bince  the  dermis  is,  on  the  average,  about 
2  mm  thick  as  against  an  epidermal  thickneos  of  0.1  nan,  the  classification  of 
2^  is  a  loose  one.  For  example,  in  Section  2,  we  have  defined  a  2°  bum 
statistically  as  one  which  e.  terda  tL'Ough  half  the  dennis.  Clinically  sucl> 
a  bum  usually  appears  as  a  mottled  red  moist  mnface  with  or  without  blisters, 
The  2°  bum  area  is  painful  and  sensitive  to  air.  This  clinioai  appraisal  of 
second  degree  bums,  however,  is  not  a  goc-l  Tjoaure  ''f  bum  d^pth.  It  has 
been  xjaeful  in  medical  dlsTnosio  because  moet  of  the  patients  seen  clinically 
raceive  ?P  bums  in  the  same  way,  Thus,  the  2°  accidental  bum  is  usually 
caused  by  short  exposure  to  flash  ’-.eat  or  to  hot  liquids  and  consoqusnt’y 
therb  If.  some  correlation  betvrfon  surface  appearance  of  the  bum  .-uid  actual 
depth. 

The  thii.!  degree  bums  seen  clinically,  on  t  ,  ■  h>ind,  are  generally 
caused  by  jj  xet  exposure  to  flame  or  to  ve-^y  hot  cc.lecte-  Ths  skin  ic  Jry 


wsS  pearly  white  in  appeararoe,  or  charred,  and  the  bum  area  it?  no+  vftry 

painful  or  «=en0itive.  ?he  depth  of  bum  extends  the  deiuls  into  the 

fatly  layer  below,  or  even  throuj^  the  ff<i;  to  the  anieole.  Since  the  entire 

aVln  tissue  io  loai,,  grafting  ia  required  for  proper  healing  of  a  bum, 

x*(i 

Xiectrical  bams  are  almost  invariably  5  degree,  but  these  bums  should  be 
considered  separately  since  the  herting  phenomenon  ia  quite  different  from 
any  other  type  of  lum. 

Bie  inportaat  thing  to  notice  here  ia  that  clirjical  bum  observations 
deal  with  the  usual  everyday  iccidont.  Flash  bums  of  the  duration  aasoci  led 
with  atoBiic  weapons  are  seen  rarely  if  aver  and  cons»>qucntly  the  estimaten  of 
bum  severity  by  ourface  appearance  will  not  hold,  in  general,  for  atomic 
flash  bums,  Ihird  degree  burns  from  flaming  clothing  ignited  by  the  thermal 
field  of  en  atamic  weapon  and  other  indirect  flame  turns  will  probably  come 
late  with  clinical  experience. 

Finally,  ao  we  have  peon  in  Section  1,  (nee  Tablo  B)  direct  thermel  bums 
from  atomic  weapons  will  be,  in  general,  deep  dermal  bums.  Third  degree 
bums  of  this  typo  will  bo  rare  and  probably  will  bo  associated  with  fatality 
•IthCT  f',v)m  the  bum  or  from  associated  blast  and  nuclear  injury, 

1,  Incapacitation  from  Bums. 

Incapacitation  from  thermal  injury  ocxurs  from  titr^je  general  causes  or  a 
coablnation  of  these  causes t 

1,  Severe  bums  to  critical  areas  such  as  the  face,  hands  and  legs, 

2,  General  area  bums  which  result  in  early  hypovolenlo  shock. 

3,  Lets  Incapacitation  from  local  or  ays  twin  infection. 

In  llaousslng  the  time  to  complete  incapacitation,  we  are  limited  to 
ci'Jiioal  sxp*''ittnce,  plus  mathematical  estimate^  of  nw  d.ma  to  hypovolemic 

ei; 


shock  vermu)  dspth  and  area  of  bum  as  given  in  Section  2.  Ve  use  the 

cliidcai  estimates  of  Colonel  Vogel,  Cliief  Surgiosi  research  Tea;!,  Brooke  Amy 
Medical  Center  plus  sane  general  considerations  given  in  Hef ,  9* 

Virst,  the  time  to  hypovo  ‘luc  eh  ck  ae  calculatt-d  in  Section  1  may  be 
considered  as  reasonably  realistic.  oxample,  referHr<?  to  page  20  of 
Hof,  9,  an  intravenous  cannula  is  usti  for  fl’oid  adud-nistration  to  all  persons 
with  20!<  or  more  general  body  ersa  bum.  According  to  Table  1 ,  Section  2, 
this  coireeponds  to  shock  in  17  hours  for  the  median  2°  bum  and  ahock  in  12 
hours  for  the  vary  deep  dermal  i-um.  llria,  the  calculations  predict  that 
fluii  administratior.  at  this  bum  level  is  esseni"*"!  and  thin  prediction 
ccrrelato"  with  clinical  e^cperience.  Agam,  for  example,  a  patient  can  eur- 
vl'/e  without  sixick  for  17  hours  with  a  lOt  full  thickness  bum  according  to 
the  caloulalions  of  Section  2.  This  means  that  oral  fluids  would  bridge  the 
gap  wltliout  dlfflcul.y  unless  nausea  la  a  problen.  Thus,  the  calculatione 
of  Section  2  are  reason  ble  as  compa  e'  to  clinical  experience.  Moreover, 
tb«  raloulatlon  shows  the  extreme  serlouaneas  of  the  laedia.:  2*^  bum 
which  would  result  in  shock  in  6  hours  without  fluid  therapy. 

Under  discster  condition,  intravenoue  therapy  would  not  be  pi’actioal  for 
many  patients.  Thus,  the  cour««  of  t>'.e  bum  traums  in  watreated  pereonnel 
will  be  a  eerlous  problen  fac  ng  both  medical  and  operational  staffs  of  mill- 
taiy  units  and  installations.  Proper  thcraiy  for  the  criticollv  burned  per*- 
eon  calls  fox  intravenous  cdmlnlstration  of  1.3  cc's  electrolytic  solutic-n  and 
0.30  00  colloid  solution  per  kg  body  wei^t  por  %  body  area  burtb^d  during  the 
first  24  hours.  During  this  same  time  period,  .7000  cc  isotorio  dextroo 
tior.  is  giva  to  cover  insonaiblc  losses  (persplrsMon,  breath,  urine,  feoos), 
One  hair  of  he  above  figure  i.~,  given  during  tu!?*  3«.  ono  twenty-four  hours. 


i 

< 
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This  rule  of  therapy  holds  up  to  50^  area  bums,  aoove  which  af.ditio'ial  fluids 
are  generHlly  rot  reconmenJed  although  the  physli  ju  i  may,  by  choice,  chooae  to 

give  more. 

Tbu8,  under  disaster  oou’lticna,  most  patients  j.n  noed  of  intravenous 
therapy  vlll  remain  untreated  except  for  administration  of  oral  fluids ,  An 
oral  solution  of  3  to  4  grsms  salt  (l/2  teaspoonful)  plus  1.3  to  2.0  grsma 
soditn  bicarbonate  (1/2  teaspoonful)  per  quart  of  water  is  surprisingly  effec¬ 
tive  if  the  patient  can  tolerate  the  solution  without  vomitiiVt*  Nausea  and 
vomiting  will  probably  be  the  rule  rather  than  the  exception  under  oondit:.:no 
of  atoiBic  disaster,  however.  Thus,  the  medicc’’  ir.i  cocmr-'i  stsif  will  have  a 
large  number  of  essentially  untreated  persons  on  hand  who  may  be  expected  to 
go  late  ^ock.  The  cerebral  anoxia  prior  to  shock  results  in  restlessness 
often  followed  by  mania.  Also,  the  ’untreated  person  becomes  voiy  thirsty 
and,  if  water  is  consumed  in  large  amounts,  water  intoxication  (excesuive 
alteration  of  the  normal  blood  plasma  ion  concentration)  occurs  resuitir^r  in 
ir-„.S  the  eaM  symptomology.  The  bum  disaster  problem  is  thus  a  problom  f'-r 
both  swdlcal  and  operatiorsal  commands.  It  coul.d  have  a  disastrous  effect  on 
general  moraJe,  and  consequently  one  must  decide  in  advance  which  untreated 

pntlcnt:  obrv.l'*  kept  under  heav’-  '.srcntic  eedation,  wh-ch  sho’.’ld  bo  self- 
ti'eated  w^th  oral  fluids,  and  so  forth.  The  short  discussion  above  !•  ndven 
to  indlcata  the  importance  cf  indoctrination  of  cosmand  perscni  el  as  ro  the 
probldme  to  be  expected  in  thenaal  disaster.  'Phe  tab.e  of  Section  2  given  a 
rough  •"tias**  vB-rious  patimto  will  be  in  a  critical  me  1  condi- 

tiao  end  thlo  table  combined  with  the  depth  of  bum  eetimctcs  of  Section  ' 


ehould  pswvide  a  baaia  for  tho  evaluat:...u  of  the  scriaisness  of  a  givan 

disaatar. 

Sow,  for  olinical'  eetloatea  of  timo  to  inco j^scitatlon ,  we  t'hall  first  cou- 
sldar  buiM  to  the  face,  hacks  of  hfjvds  and  legs.  The  data  aay  be 

taken  aa  reliable. 

1,  2**  bums  to  the  face:  edema  ia  early  wid  rapid  (l  to  ?)  iiouro).  The 
eyes  swell  shut  and  the  mouth  cannot  be  opened  (6  hours  or  less).  A  tracheotomy 
is  generally  necessary  well  prior  to  the  six  hour  period.  Thiw,  the  acial  2''' 
bum  ia  q,id.te  serious,  requires  expert  surgical  attention  and  results  in  in¬ 
capacitation  in  3  hours  or  lesa. 

2.  Backs  of  hands:  the  akin  on  the  backs  vf  che  Landa  ia  relatively  thin. 

Otafortuuately,  there  appear  to  be  no  numerical  data  on  the  skin  thickness  in 

this  area  or  in  other  critical  areas.  However,  a  full  thicuneos  bum  generally 
results  in  deotructlon  cf  the  neuro-vascvlar  bed  and  causes  immediate  incapacl- 
tatlor,  Probably  if  one  estimates  the  bum  depth  required  for  this  sort  of 
bum,  one  aillimeter  w(.^uld  not  be  unreasonable.  2*^  bums  to  the  backa  cf  tlie 
!:~“ds  reeult  in  incapacitation  in  about  one  hour. 

7.  Lege:  C  bums  to  either  the  front  or  back  of  the  legs  result  iu  loss 

cf  uce  in  2  to  3  hours.  Since  it  is  unlikely  the  -  the  legs  alone  will  be 

burned,  additional  area  bums  vill  r'sult  in  early  cf  shock  as  given  in 

Section  2. 

Tor  general  area  bums,  it  is  estimated  that  a  15^  body  are  i  bum  can  be 
tolerated  indefinitely  so  long  as  the  above  crltloel  areea  are  not  erteneivcly 
inrolTsa  and  so  1  :ig  aa  oral  isotonic  fluid  ie  available  in  a  re.'^'nabls  length 
cf  tlae  after  i^posure.  lha  poychologlc  relation  of  aBua»%  to  atomic  <Liik'  ter 
ia  probably  a  major  but  vmpradictable  factor. 


2.  8ecov*x7  W®** 

Any  seriouB  burn  of  the  type  ct.eecri'jed  above,  ^n  idilch  the  .■.n(ii\'ldua] 
suffers  iaoapscititlen  in  the  firot  24  hours  or  needs  rather  extensive  oral 
fluid  therapy  in  order  to  operate  i>.  the  first  24  hours.  La  a  elov  i.caling 
affair  by  tiiae  standards  of  atomic  warfare,  'flnie,  the  patient  requires  prophy¬ 
lactic  adninlstration  of  penicillin  in  the  fivei  live  daya  to  prevent  Invasive 
infactlon  (septACSola)  froa  penicillin  eenaitive  strains  of  bacteria  such  ao 
the  ^-heawlytic  streptococcus  strain  a.  Dur^r^  ths  time  period  J  to  f  days, 
he  ie  in  maxlauB  danger  of  local  or  invasive  infection  from  penicillin  ree-'stant 
atrsins  of  rtipLyloooccua  and  froa  such  gram  nsgativs  bacteria  as  the  paeudonoia’-a, 
Bven  without  infection,  the  healing  time  of  a  serious  bum  (aedlus  or  deep  dermal) 
aust  be  reckoned  in  weeks.  Thus,  from  a  practical  etaaipoint.  the  bum  Incapaci- 
tabed  person  la  "out"  of  i,he  v?r  and  the  lesa  seriously  burned  patient  may  sui.- 
cumb  to  infection.  The  person  with  a  minimal  bum,  way  15%  area  not  involving 

critical  regions,  may  continue  to  operate  indefinitely  if  infection  is  prevented. 


I 


APPSUX'IX  A 


PFTSICAL  AHD  PHTSIOLOGICAL  /ACTORS  15 
SA'IS  RBSPOKSZ  TO  HSATISC 


FHXSICAL  ASD  mSIOUXaCAL 
TACTOfiS  n  sm  RBSFOHSB  to  ESAHlia 


Ihe  purpoae  of  this  Appondls  la  to  glvs  a  hrlef  discussion  of  sons  factors 
is  dds  hcatiag  lAich  have  oot  he«:^  explored  adsquatsjjr  ezpsrincntalljr* 
Eenriquec  (laf .  l)  has  done  a  series  of  sxparlnente  on  the  creation  of 
thszsal  bums  by  exposure  of  the  extenial  sttfiace  of  the  akin  to  a  constant 
tenpemture  water  heat  source.  Ihls  sesriea  of  szperisents  has  been  described 
earlier  in  the  text  and  It  has  been  noted  that  Renrlques'  general  ooncluslona 
do  not  hold  for  short  periods  of  tiiemal  heating*  i.e.*  for  jnifflciently  high 
rates  of  heat  input.  One  wiahes  to  know  in  detail  why  tl>.ts  ie  so  and  also 
whether  there  le  an  artifact  in  the  Hanriques*  data  due  to  skin  cooling  at 
low  heat  input  rates. 

First  of  all*  it  is  well  known  that  the  akin  does  not  act  passively  to¬ 
wards  a  changs  in  sztsmal  tsspmiture.  Thus*  a  sudden  increase  in  skin  tesrp- 
erature  induces  vasodiaZation  and  ccsaequent  increased  cooling  followed  by  a 
slower  cooling  reaot).on  in  the  form  of  sweating.  It  la  clear*  of  course*  that 
the  ability  of  the  akin  to  cool  hao  soas  sort  of  a  sari  wee  oapabUi^  IhsXtsd 
hy  the  actual  total  pfaysioal  capability  of  the  skin  cooling  ssohanisas.  Itas 
total  cooling  oapabillty  nay  be  fturtiier  lislted  by  the  way  in  wlii<A  thn  body 
oontrol  ■echanisB  desires  to  sot*  or  la  designed  tc  aot. 

Thus*  for  sxapspls*  one  say  take  water  at  52^0  (our  oxitioal  tenperaturs) 
and  apply  it  to  ths  leg  above  the  ksee  via  a  wet  olo^  saturated  with.  hot 
water.  A  fast  reading  thenoMter  under  the  oloth  records  a  tsq^sraturs  of 
only  T^C*  showing  that  the  akin  ooollng  reaotlou  is  rapid  and  efl’eotlvs  svk: 
at  this  high  applied  surface  tss^sraiure.  Ihla  portlcular  MtpsrlMOt  is  e»- 

ik-1 


treBio'iy  crud«  «ad  giv«a  little  more  indication  thAn  that  the  'ddx  ri^acta 
({ulcikly  '*id  cools  adrtouatsly  for  r.  fen  seconds,  H'o  need  geneial  and  accurate 
expertnental  data  in  order  to  find  w?iether  the  aklu  chooses  to  or  can  cmtinite 
this  cooling  It  sesc  s  clour,  however,  that  the  dcin  roaction  is  dominated 

by  two  genond  oonditlonsi 

1.  The  BariBum  |iihysloal  cocling  rate,  and 

2.  Cie  general  elevation  in  blood  temperature  which  results  frtm  heating 
of  large  areas  of  the  akin. 

The  latter  consideration  certainly  be  present  in  the  body  control  iBe>  K- 
anisB  since  a  general  elevation  of  blood  tempera  tore  by  can  cause 

brain  injury.  Thus,  one  would  expect  the  body  to  sacrifice  the  akin  area  in 
preference  to  accepting  a  hi^  level  of  blood  temperature,  ^e,  however,  la 
speculation. 

It.  any  event,  there  isust  be  some  'thermal  lag  time  in  the  Eeoriquea'  data 
and  this  lag  tine  may  play  a  role  in  altering  the  apparent  excitation  energy 
of  130,000  oal/mole  which  Benriquea  measured.  Ve  cannot  say,  at  the  preset, 
whether  the  lag  time  will  invalidate  Eeurlques*  general  conclusion.  It  io 
possible,  for  example,  'that  the  cell  death  noted  by  Benrlquee,  for  very  long 
heatlag  times,  was  not  caused  by  inoreased  teosperature  at  all  but  by  sobs 
other  meohanlem  influenced  by  the  cooling  process.  It  la  again  poaaible  -ttmit, 
after  sufficient  exposure  to  low  heat  le\eI-.8,  the  body  control  mschanlBa 
beglnfi  to  treat  the  s'^'tuation  as  "nozmal"  uul  "'tuma  off  the  attempt  to  cool. 
One  jan  only  apeculatc}  but  it  ie  again  clear  ttet  data  are  needed  to  olaxUy 
the  ilivatioa. 

It  Bi^t  be  remarked  that  application  of  5Z^r,  water  to  the  rfrf"  la  painful 


and  ore  cannot  go  such  higjier  xitlwut  enesthonja.  Thus,  cxp^i-iaecrs  on 

aneathatired  aniJiala  ara  indicated  to  eetablleh  the  rise  in  "kiri  tenperature 

versus  rise  for  the  low  >'sat  input  rates.  TIha  heat  inpjt  ratec  which  we  are 

,  o 

talkitwj  about  hare  ire  of  the  ci  ’or  of  0.1  cai/cji  ‘  cec  and  iess  "nd  heni-A 
little  relation  to  the  hig..  neat  inirut  rates  from  boab  pilcea. 

In  conclusion,  it  sa-'js  cle-r  that  the  t  ■  '.ical  cemperature  ci-iterion 
vhidi  we  havo  used  applies  to  hi^  heat  input  rates  where  akiii  cooljx^  effe.ts 
are  ne^iigibl’).  It  nay  also  apply  et  the  low  input  rates  if  skin  cooling:  is 
correct'jd  forj  or,  it  »ay  ba  that  HtiLrlqucs'  theory  v’lil  atili  noid  at  these 
low  rates  with  a  sui. table  correction  for  akin  cooling;  o',  it  nay  oe  tliat  -ei] 
death  results  from  other  aechanisas  li  the  low  i-atfsa.  In  ary  event,  there  is 
£  gap  in  iiiu«l«3ug'5  hole  that  should  be  closed. 
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III.  BIAST  TJJJURY 

When  personnel  are  subjected  to  f.io  blast  wave  from  tr.e  det"  ation  a 
nuclear  weapon,  they  can  be  o.-iured  dirc-'tly  by  the  associated  chance  in 
hydrostatic  pressure  or  indirectly  by  beinj;  thrown  acairst  stationoirv  objects 
by  the  wind  behind  the  shock  front  or  by  being  hit  by  debris  set  in  mo'iion  by 
this  wind.  Tn  tfd.s  Chapter  wo  shall  discuss  the  overall  conditions  necessarn’ 
to  produce  ircapscitating  or  rore  serious  injuries  to  pcrsorji?!  exposed  to  the 
blaei,  wave  from  a  nuclear  explosion. 

It  is  our  faeling  that  the  dominant  type  r-*'  Hast  inju>y  ic  thut  \.'hich 
results  froai  the  motion  of  personnel  brought  about  by  the  applied  wind  load. 
Thus,  Section  ],  of  this  Chapter  is  devoted  to  a  discussion  of  this  problem, 
jii  Section  2.,  the  direct  blast  injury  problem  is  discussed. 

Section  i.  Tranelation  Injury. 

Xe  shall  discuaa  fiist  the  impact  conditions  necessary  for  serious  to  fatol 

;..j'vry.  Unfortunately,  this  part  of  the  problem  does  not  yield  to  analyti  c 

techniques  so  that  we  must  define  critical  irpjact  conditions  from  a  limited 

(li 

amount  of  exuDrimental  data.  Dellaven  '  has  carried  out  a  series  of  experiments 
wherein  cadavers  were  dropped  heau  first  on  metal  pistes.  These  experiments 
showed  tliat  skull  fracture  occurred  when  the  impact  speed  exceeded  15. ft/oec. 
Unfortunately,  all  the  data  is  for  impact  speeds  in  axssss  oi  ''5.5  ft/rec  so 
that  w»  c*Jii»ot  say  that  skull  fracture  does  not  occui  at  impact  spaedr  ‘ess 
than  15,5  ft/sec.  For  the  spinal  col'imn,  White^^^  deduces  from  ihe  data  by  Ruff 

that  an  impact  speed  of  6  ft/.iec  Is  sufficient  to  produce  fracture  when  i'.pact 
occurs  in  the  sitting  position.  On  the  baoio  of  :  ■'P-.-r  I'r  and  Russ'  data, 


92 


Vhi'ce  suggestn  that  10  ft/aac  ia  the  critical  ijnpact  speed  fo'*  injury 

to  for  iapacts  against  hard  surfaces.  It  aoems  self-^vidant  that 

orientation  at  impact  will  play  an  important  role  in  the  crit:..?j.a  for  injury 
vaulting  from  impact  with  .. '-^.d  objects;  however,  data  on  this  subject  are 
not  availabla.  Accordingly,  we  shall  use  Whitens  critical  impact  speed  of 
10  ft/esc  as  ;he  ir;pdct  speed  agairust  very  hard  surfaces  in  any  orientation 
whici  is  necessary  to  produce  serious  to  fatal  injury.  It  is  expected  that 
impact  opeeda  will  be  necessary  to  produce  serious  injury  agadnst 
softer  surfaces,  such  as  ground,  walle,  etc.  On  tne  averfH^fl,  an  Impact  apeed 
of  20  ft/s«c  would  seen  more  reasonable. 

We  shril  now  consider  the  qualitative  features  of  translation  notion  in 
terms  of  enviminmental  conditions.  For  personnel  in  the  open  (ercept  in  city 
streets),  it  .^ppeara  that  impact  with  rigid  objects  other  than  Ine  ground  is 
very  unll-xely  since  the  total  displacement,  even  for  very  liie^  speed  winds,  is 

rolatl'''^ly  suiall  unless  .  re  is  a  lifting  foi-ce  from  the  blast  wave,  from 
potro  work  by  Tabcrelli,  e*  r  v'th  dummies  in  the  1957  Sevada  Tt./-  Series, 
the  total  di8pi&cemv.rt  for  a  standing  anthropometric  dummy  was  appn-orliintely 
260  feet  when  the  peak  dynamic  pressure  was  15.4  psi.  Hic  dummy  in  this  case 
was  not  only  exposed  to  an  exceptionally  dynamic  pres  are  but  he  wa«  also 
eospendod  from  the  head  and  this  mode  of  suspen  ion  gave  the  dmy  fui  initial 
lifting  force.  At  lower  dynamic  pressures,  i.e.,  0.7  psi,  even  with  head  sus¬ 
pension,  the  displaceiBen''  was  only  20  foet.  Later  on  we  stall  show  that  if  no 
lifting  loroes  era  pretant.  the  man  will  hi  t  the  ground  after  center  of 
mass  has  traveled  about  5  feet.  Hiua,  the  problem  of  collision  with  ohn.acleo 
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cannot  be  a  great  one  fox-  peraonnsl  in  the  open. 

It  appears  therefore  that  injury  to  personnel  in  the  open  will  occur  only 
if  the  vertical  impact  apeed  is  in  excess  of  the  critical  impact  speed  dio- 
cjSBsd  earlier. 

Tor  per.ionaoi  in  stmetures  of  veriouH  s''-r’  o,  the  situation  is  quite 
different.  Here  impact  with  rtgid  of  jects  such  as  walls,  doors,  colurrns,  etc. 
is  important.  In  this  ease,  however,  we  sliall  be  concerned  with  motion  over 
short  distanceb. 

Bia  motion  of  personnel  exposed  to  the  blast  wave  may  bw  divided  into 
r»Tr«!  a  hnH motion.  Which  depends  on  drag,  a  vei  tical  motion 
which  depends  on  g:ravlty  and  to  a  small  extent,  perhaps,  on  lift  forces,  and 
a  rotational  motion.  Since  rotational  speed  can  contribute  to  the  Impact  spaed 
of  parts  of  the  body,  ve  shall  be  concerned  with  the  vertical  and  rotational 
motion  of  personnel  in  the  open  and  the  horizontal  and  rotational  motion  for 
pex'sosnel  in  structures. 

Thus,  we  shall  be  interested  in  how  far  the  man  is  translated  before  hs 
hits  the  ground,  the  horizontal,  speed  he  attains  at  any  given  distance  up 
until  the  time  he  hits  the  ground  end  how  hard  he  eveikes  the  ground  or  floor, 
for  a  clean  blast  wave,  one  may  macc  a  reasonable  analysis  putting  in  the  nor> 
aal  and  frictional  forces  on  the  feet.  For  precvirsor  waves,  there  is  consid«> 
able  evidence  tnat  the  center  of  pressure  is  inlcially  rathsr  xow  ana  that  the 
man  will  be  lifted  initially  and  thus  wxll  be  subject  only  bo  aerodyrismic  forces. 
This  lifting  effect  will  pivbably  be  present  only  for  pei’scmnel  the  open  and 
not  for  personnel  in  buildings.  Ihus,  we  wish  to  conaidei'  tao  genexal 
in  the  fin;t  case  the  forces  on  the  feet  of  t'.?  -  •'ri±^~,g  nan  will  play  a  major 


role,  in  th  second  caoe  the  man  will  be  a'-bjec'.  to  aerodynanio  fCi^'  a  only. 


'Sran3?.atioasl  and  Rntaticmal  Injuiy  tc  Standing  Perscnnel  for  a  Clean  Blast 

Wave. 

It  vius  eantioned  in  the  introduction  that  aerodynamic  torque  piaya  no 
appreciable  role  in  the  motion  of  ;'<r80nnel  eubjectad  to  blast  waves.  Va 
wish  to  conaidei  the  experi?*.  tal  evidence  for  this  oonclusiou  and  show  that 
rotation  is  induced  by  initial  frtotional  fOT  '"-'  only.  We  shall  then  calcu¬ 
late  the  notion  of  a  ctandisg  man  end  ooneider  rotation  induced  by  frictional 
forces. 

Sieplacement  experiments  with  anthropometric  d^nsmies  have  been  carried 
out  in  a  bomb  field  test.  Only  one  experiment  o'  -.tains  o  njfiician<  amouat  of 
infonaation  for  analyaia.  a  thin  eiperimen-c,  both  a  prone  and  standing  165 
pound  dumny  u«ra  subjected  to  the  wind  loading  from  a  nuclear  explosion  wnere- 
in  the  peak  dynami.c  preseure  was  .7  psi.  The  prone  dummy  was  not  moved  idiilo 
the  standing  dtainy  war  displacrd  21.9  feet  and  attained  a  macLuium  speed  of 
21.4  ft/aec.  It  should  be  noted  that  the  dummy  contacted  the  ground  in  a  little 
more  than  13  feet  and  slid  the  remaining,  distance.  During  this  aotion,  the 
UuisAj  rotated  feet  first  -tl'rou^  an  argle  of  apyi-oximately  120°  in  such  a  way 
that  its  head  hit  the  grounc  f.lr8t.  The  experimental  situation  for  the  atanding 
dua^  differed  eignifioantly  fro:s;  that  for  a  standing  man  -in  the  came  slt’jation 
in  that  the  dusaiy  was  supported  by  *no  head  with  s  noglisible  load  on  its  feet, 
whereas  for  a  etondlng  nan,  the  wetim  load  ia  eupportod  on  Ms  feet.  We  will 
Am  that  the  rotation  of  the  duony  involves  no  derodynaoic  to.-'que  and  that 
the  motion  in  this  oase  is  explainad  by  the  frictlonsl  retarding  forv^e  on  the 
dtoay'a  haad  during  the  initial  atagee  of  motion,  iv^r  the  etar.:'  .g  nnn,  the 
friotlonai  retarding  force  will  be  on  hie  feet  so  that  h«.  w.Ul  rotate  nea 


flret. 


la  th«  «*xpepiB»nt  aentioned  above,  a  160  pound  anthropometric  dunacy  was  suci- 
ponded  hy  the  bead  with  only  a  load  (les.'  than  6  poundb)  on  hJs  feet  and 

then  subjected  to  the  wina  from  a  nuclear  explosion.  Fi/sure  1  chows  a  plot  of 
the  rotation  of  Lhe  dnany  v  vrsns  time,  the  point  F  on  the  graph  I'ioiTeeponding 
approxlBatel;  to  the  time  at  which  the  dunmy's  head  was  released.  From  about 
t  a  .15  Mc  on  6  varies  alinost  ‘'.inearly  with  tine  so  that 

=  constant 
dt 

and  . 

iLS  ■  0 
dt^ 

Dnia,  for  t  2:  .15  sec,  the  dunssy  is  subjected  bO  no  torque.  Tlie  initial  motion 
of  the  dwngr  can  be  accounted  for  by  tojrque  due  to  the  head  support.  If  F  is 
the  frictional  retarding  force  on  the  head,  then  neglecting  aerodynamic  torquo, 


we  have 


0^6*9. 


'riiere  A  is  the  distance  fro*  the  center  of  gravity  of  the  body  to  the  point  of 
attacfaaeat  ou  the  head  support,  and  &  is  the  angle  between  a  line  throu^  the 
bead  and  fset  of  the  body  when  it  is  er^^t  «nd  vertical  to  the  ground.  Sow, 


so  that 


ve  then  have 


wflk  .  </*» 

do 
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vhen  t  =  0,  0  =  0  and  u)  •=  0,  so  thnt 
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and  integrating!  one  finds 

yr  /f7  -f 

■»  /■'  *  ito  ^  e;  ^ 

-  /2  +  1.  rauB,  fov  ;;  i  .15  ses,  S 


Votff  tthtu  t  =  0,  o  =  Of  60  chat 
daptndfl  on  th«  tiac  according  to 
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If  we  aaeuDO  that  the  uan  has  tm  Biioe  monent  of  inertia  as  a  l^t  drcular 
crllnder  of  radius  .75  ft  and  longtli  6  ft,  then  we  can  satisfy  this  equation 
at  t  «  ,15  Boc  and  6  *  15°  by  takiiig  f  «  ,9  *rtiere  f  is  the  coefficient  of 
■owing  friction  between  th.  diraay'c  head  attachaent  and  the  folding  fraM  Ihc 
resulting  ourve  ia  shown  plotted  in  Tigure  1  along  with  the  axperisental  7us,*ve. 
Cm  agreenent  la  good.  The  point  >>er«  is  that  the  data  are  satisfied  with 
reasonable  aastaptions  concerning  the  iDC’!-'“nt  of  tn'Ttia  of  the  ran  and  the  in¬ 
itial  frictional  retarding  forces.  Ttius,  as  we  said  earlier,  the  rotational 
■otion  of  the  dusay  oan  be  erplained  on  the  basis  of  aerodynaalc  toro^w. 

¥e  oan  therefore  cjoolude  that  the  totatlonal  speed  of  a  standing  aan  who  la 
subjected  to  a  hl^  speed  wind  will  be  deterainod  by  tie  initi.»l  frictional 
retarding  forces  on  hir  feet  end  that  thlo  speed  will  be  indi;;^nd>ct  of  the 
wind  epeed 
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Ve  turn  now  to  the  thccrcticnl  calculation  of  translation  and  rotation  of 
a  van  usier  applied  wind  forces  and  jetardiiyr  frictional  forcet. 

Let  us  consider  first  the  spst'"  with  idilch  the  mar's  head  e trikes  the  floor 

or  the  ground.  Wnce  the  center  of  pressure  of  the  man  will  coincide  rou^jr 
with  his  center  of  meBs,  the  rotatlonnl  torciUe  about  the  center  of  mass  io 
Bupplied  hy  tlie  ground  forces  alone.  ISifiB,  let 
m  =  mass  of  the  man 
^  =  hei^!  c.r  the  man 

I  =  moment  of  inertia  of  the  humar  bod/  about  the  center  of 
mass 

o<  =  angle  between  the  body  axis  and  the  vertical 

H  -  normal  force  on  the  feet  (exerted  by  the  ground  on  the 
feet) 

fH  =  frictional  force  exerted  by  the  ground  on  the  feet, 
where  f  ie  the  coefficient  of  friction. 

first  we  note  that  if  the  initial  d:'namic  preeeure  is  above  0.2  pal  (suddenly 

opplied)  and  if  f ^  0.8,  the  mar  will  slide  on  hie  feet  as  he  rotates,  tnus,  in 

any  iaportant  case,  we  may  consider  the  man  to  be  eliding.  Referring  to  the 

figure  below,  however,  we  have  for 

Han  Ro tatiag  anc;  -^Jiding  Paler  Vi^id  y'>vces 


man  at  angle 


rotation  about  the  canter  of  Base 


I  '9!  o*- 


% 


< 


(1) 


and  fcr  vertical  motion  of  tlia  contar  of  e£:SS 

(2) 

The  ri^t  hand  aide  of  (i),  however,  ia  N^/2  ^ino<  +  f  ooawl  -ind  the  factor 
in  hmeketa  variea  from  a  vL'*ue  of  f  at  «><*  0  tt<  l'ril/2  at  cK»  V4  to  I  at 
o<  r.  71/2.  Tliua,  one  mj,  for  sufficient  accuracy,  replace  t'la  ri^t  hand  aide 
by  the  average  value  of  ai’i  o<+  i*  008®^.  TtAa  avera^  val\»  la 

7r  y  IT  - 

or  for  f  0.8 


A=  1.14 


Thua,  one  has,  to  good  approximation, 

I®<-  1.14 

and  my--ag  +  Hor!l  =  nQr  +  mg.  Substituting  the  value  of  H  freo  the  aeoond 
equation  in  th«  first,  ore  has  aucceaaively 
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0  and  y 
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oecoiae,  reeptetiveiy 
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Jhw, 

the  aen'e  head 

strike*  vh«»n  -K» 

y^2  and  y  ^  0,  fh'r  vie: 

0.05 


100 


beconde  for  the  avers^je  wan  (l.e.,  *  67"). 

Since,  however,  y  »//2  coeo<  ,  y  =-  -JtjP  sin®*  ^  «  -x'Zoc.  at  ckcTT/j. 
The  speed  with  which  the  head  hits  ie,  therefore, 


Thus,  fron  *  24.5  '"'^uec  =  Vj^. 


In  other  uorda,  the  man  etrlres  with  si'f:' rient  spaed  to  causa  serious  in- 
er  death. 

2.  Translation  Dhder  Wind  Forc.as  ai.d  Motional  Forces;  Derivation  of  the 
Corrections  to  the  Head  St-sea  tco  dotaTion  and  Motional  Effects. 

Having  conaidered  the  problem  of  the  epeed  vith  whi-'''  th#  nan  hits  th*» 
tjound,  we  aunt  neit  connidsr  hio  net  :rar.8laUonal  epeea  at  time  prior  to 
hitting  the  ground  or  floor.  It.e  tranulatlonal  speed  of  hie  heed  will  be  made 
up  of  the  epeed  acquired  oy  hie  center  of  mass  under  wind  forcee  plus  the  rota¬ 
tional  coaporett  tenc^nt  to  t>‘e  ground,  For  complete  dlscuaaion  of  thia  prob» 
lea,  w*  neon  and  h  as.  functioos  of  vino  t.  I^.esc  q’otntl^les.  ap 

calculated  from  the  foregoing  equation,  are  shown  in  Table  1.  !he  horliontal 


he..\d  speed  v  o<  ,  duf-  t-  rotation  alone,  is  also  needed.  Thie  is 


also  abown  in  Table  1.  We  note  that  the  head  speed  ^/Z  ckcos  o<  ,  due  to 
rotation  alone,  x'eachee  valuee  aa  '..Igh  aa  8  ft/oec  at  early  tiiMs. 

fable  I 


h 


< 


Another  qvaotity  of  interest  is  the  reduction  in  forward  speed  due  to  frio- 

tional  forcewt  This  reduotion  in  speed  is  -g  Js/ag  dt,  with  V/ag  - 

?•  ^ven  in  the  table  below.  Values  of  v.  are  shown  in  Ihble  2, 

1  +  3.42  BUie<  s 

xable  2 


Speed  abuoptlon  hue  to  Vriotion  aa 
a  Function  of  Time 


t  (aeo‘) 

0 

.1 

.2 

.3 

.4 

.5 


7g  fft/sec) 
0 

-1.6 

-2.1 

-2.4 

-2.7 

-3.2 


Row,  we  wish  to  consider  the  equation  of  nu^aon  for  translation  alone  under 
the  applied  wind  force  and  the  retarding  frictional  force,  nils  equation  tunia 
out  to  be 


(7) 

where  n  •  aess  of  the  aan 

A  *•  aean  presented  area 

»  drag  coefflrdent 

^  m  densitr  of  air  at  point  (z.t) 

u  •  wind  ei?eed  behind  sh-'vtk  at  point  (z,t) 

z  B  aaa*8  displaoeaent  fpoa  his  position  at  the  tias 
of  shorJc  arrival. 

Bquation  (7)  will  bs  dsrlvsd  latsr  (3*  Purs  Translationa}.  NotLoa  Under  a 
Blast  Vavs)  where  it  will  be  seen  that,  due  to  notion  of  ^  abode  fx\»t 
relative  to  the  ground,  /9(t  -  and  u(t  -  appear  in  -uw/  ezaet 

equation  rather  than  ^(t)  and  u(t).  It  will  alao  ba  shown  tf»t  use  of  ^(t) 
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ur»fl  u(t)  rather  then  ^(t  -  and  u(t  -  x/Og)  results  in  eneli^lble  error, 

H'-'i-e  oui  yurposw  is  to  consider  the  solution  of  (>*)  for  very  abort  distances  of 
translation  and  also  to  consider  the  vojr  in  which  veloci'^  increase  due  to 
rotation  and  decrease  due  t 't  fricti'^n  naj  be  corrected. 

Vow,  as  a  first  case,  let  us  consider  the  specific  probleas  of  personnel 
whe  are  subject  to  blast  translation  in  roons  of  buildings  or  in  city  streets. 
Since  tho  individual  Involved  either  will  hit  tkb  floor  or  paveoent  at  critical 
speed  in  about  I/2  second  or  strike  an  obstacle  prior  to  hitting  tho  floor  or 
pavement,  we  are  Interested  in  his  motion  over  a  very  short  period  of  tiob. 

As  wo  shall  see,  the  tine  period  of  interest  in  oenerally  1/4  second  or  leas. 
Thus,  for  almost  any  size  of  bomb,  and  certainly  any  bomb  sise  idilcb  might  be 
used  against  populated  areas,  the  time  period  of  interest  is  very  abort  com- 
pai«d  to  tho  blast  wave  duration.  Hence  in  Eq.  (7)  we  shall  have  u  »dVdt 
uiyl  A  * /’ll  period  of  interest,  where  u^  is  the  peak  wind 

speed  and  1?-  the  peak  density  behind  shock. 

Under  these  clrcxmstcmces,  one  has 

(8)  ^ 

where  »  peak  dynami.e  pressure.  ?br  calculation  purposes  we  take 
mg  «  V  B  154  pounds 
A*  4  ft^ 

and  ^  ^ 

Integrating  (8),  one  has 

(9) 
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Ve  ?«t  dx/dt.  =  20  ft/eec,  ihe  critical  speed,  in  (9)  and  calculate  t.  We 
then  calculate  s  fr-in  (lO).  Hras  sada  to  the  follcvfin^:  t^.blc,  ^c-r  the  case 
rf  clean  ahocks. 


lable  J 

Time  and  Distance  Required  to  Reach  the  Critical 
^peea  of  20  fi^eec  fur  Yaiioua  Shock  yvervrudaarea 


OverpretiBUi-e 

4- 

T 

Isssl 

iiti 

30 

17 

.0098 

.097 

:>0 

8.2 

.0202 

.210 

10 

2.2 

.0754 

.681 

5 

.60 

.278 

2.77 

a 

.yi 

.449 

4.48 

3 

.20 

.834 

8.34 

loBpection  of  Table  3  shows  that  5  psi  overpressure  or  more  is  a  good 
crite.icn  for  death  or  serious  injury  froo  translational  injury  for  personnel 
in  buildings.  The  reason  lor  this  ie  that,  using  Tables  1  and  2  and  including 
the  head  speeo  due  to  rotation  and  the  retarding  speed  due  to  friction, 
a  iim»»  etruclr  by  the  5  pai  wave  will  reach  the  critical  speed  in  0,2  seconds 
in  a  distanc;'!  of  j  feet.  Thus,  all  personnel  at  greater  dietoncos  than  3  feet 
fiOB  a  wall  either  have  crJvical  spv’ id  upon  impact  ith  •>  wall  or  hit  the  lloor 
at  critical  speed.  At  d  psi,  on  the  other  hand,  peruonnel  cannot  reach  critical 
speed  either  by  hitting  the  wall  or  the  floor  ui.le3&  tney  are  '.oout  fest  from 
the  wall.  One  must  rwaeaber  the.t  the  head  moves  about  2.7  test  more  than  '■he 
center  of  gravity  in  the  critical  Instajico  where  the  head  hits  t.'«  wall  and 
fiOor  RX  the  SMie  t.Uie,  Bi^i  feet  is  a  lather  large  average  distance  'sotloi, 
for  the  ordinary  roon.  Tliun,  one  can  set  5  pel  n  ■  s  reasc  'nbie  overpressure 
for  ssilou-  '.njury  or  death  for  personnel  i-  r  >3u. 


For  pdTBcnnel  in  city  streets,  hovever,  the  hardness  of  the  psvMoit  and 
vertical  obstacles  and  the  relatively  large  average  distances  of  frtie  tran»« 
lation  indicate  selection  rrT  a  lower  overpressure.  Since  the  critical  ovex^ 
pressure  to  just  cause  sliding  unc'rt-  frictional  forces  is  3*0  yni  or  a  of 
0.2,  it  sceos  leasonable  tc  u.t  tills  overpressure  as  the  critical  one  for 
personnel  in  city  streets.  It  me;.''  be  argued.,  course,  that  people  will  be 
knocked  to  the  psvemnt,  without  sll'lng,  at  lower  overpressures  with  sufficient 
speed  for  serious  injury.  The  question  of  reaction  time  of  the  individual  cornea 
into  play,  however,  and  one  must  judgs  whether  he  can  use  hla  hands  to  cuahicn 
the  fall.  Thnte  psi  seems  the  best  choice. 

3.  Pure  Translational  Motion  Thider  a  Blast  Vave. 

Finally  we  wish  to  discuss  the  translational  problem  under  the  asaiapticm 
that  the  man  is  lifted  by  the  blast  wave  Initially  and  there  is,  consequantly, 
negligible  interactic.i  with  tho  ground  prior  to  the  time  that  he  hits.  Ve  have 
just  soes,  froR  Mnaiyais  of  the  dumoy  experiment,  Uutt  rotational  effects  do  not 
play  a  significant  role  tmlees  tliere  it.  interaction  with  the  ground  or  with  a 
heed  support.  The  probler  will  th«n  be  one  of  pu^  translatiOD  except,  peiteps, 
for  a  tnall  rotational  speed  induced  at  the  start  of  the  notion. 

It  should  bo  noted  that  the  qr«antity  of  Interest  measured  in  field  teats  is 
the  d^/namlc  pressure,  or  'iyov~.  ^  and  v  are  not  measured  independently  and  it 
ia  difficult  to  do  so.  If  the  shodc  le  clean,  however,  ^  and  r  may  be  inferred 
Independently  on  theoretical  grounds.  In  the  case  of  a  preoureor,  the  Inference 
le  difficult.  In  any  event,  the  theory  requires  an  indspandmt  knowledge  of  ^ 
and  ▼  for  a  precise  eo?.ution.  In  Appendix  A  it  is  drown  diat  wind  speed  be¬ 
hind  shook  varies  to  a  very  good  approxinatlon  as  u  ■  (i  . 

As  for  tb'Y  variation  of  ^  behind  shook,  it  le  .■•fffclan'.  to  usa  the  avemge 
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relxid  jo  since  m  aust  assuM  xnngt  valuss  for  preaeoted  az«a  end  for  dras 
coefficient. 

¥6  win  phraas  the  problas  exactly  in  tho  senae  that  -Uie  Mtioo  of  Urn  ehoc% 
fr<K:t  relsntive  to  the  ground  and  the  notion  of  tlK  txanelated  object  relative  to 
tte  wind  will  be  written  dc  exactly,  using  only  an  assumrtlon  of  coovtaitt  aecoB 
px«sented  area  of  the  object  and  constant  dt«-?  eoeffleiec.t. 

let  X  be  a  coordinate  fixed  relative  to  the  grouts  and  let  the  shock  travel 
out  the  positive  X'-axta.  ¥e  shall  let  tire  ehotdc  be  x  «  0  at  tiae  t  a  0.  let 
x*  be  a  eeoond  coordinate  fixed  with  respect  to  the  shock  flt»t  so  that  z*  »  0 
at  the  shock  fiswit  and  x*  <  0  inside  the  shock. 

low,  tha  valtis  of  q  behind  tits  ahock  is  laaasured  in  the  field  as  a  fonctioi. 
of  tiae  at  a  fixed  ground  atatiem.  iron  this  value  of  q,  tits  wind  speed  is  in> 
ferred.  Tfaue,  the  tMasarenent  gives  tite  wind  speed  u(t),  where  u(t)  «  n^  at 
t  s  0,  and  la  the  aaxiwuK  wind  speed  Just  behind  abode.  It  la  clear  froa 
this  that  the  wind  sp»<^  at  distance  x*  behind  abode  Is  or  u(-k'A)^} 

(since  X',  sa  we  have  defined  it,  Is  nrgative  In  the  dtode),  where  is  the 
vi.'tde  speed jrelativs  to  the  ground. 

Thus,  noting  that 

■  s  asss  of  the  trsnslatod  object 
A  B  asun  ares  of  the  trsnsl^ited  objaot 
r  sir  dsnalty  behind  abode 
the  notion  of  the  object  is  tho  z*  aystea  is 

where  u(t)  -  is  ths  coticn  of  tite  air  bohlnd  dtede  in  tite  coordinate  ystca 
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fix<>d  witii  rtiDpaot  to  the  shock  front.  The  direction  of  a(t)  -  U  la  along  tb* 

c 

Motive  xoajds,  aa  la  the  direction  of  dx'/dt,  in  this  coorilnate  agruteo,  the 
value  of  iv'/dt,  aa  the  object  enters  the  shock  front,  is  -0^, 

write  down  this  aame  equati  'u  in  the  eyatar  fixed  relst  tve  to  tk.e 
ground,  we  note  from  the  figwe  below 


Thus,  we  find,  in  the  coordinate  ayateu  fixed  with  reepect  to  the  ground 


(12) 

In  other  worda,  the  effect  of  notion  of  the  Aock  front  ia  to  replace  u(t) 
ijy  u{t  -  x/O  ),  If  any  frictional  retarding  f^rcsa  F  are  preaent  then  T 

w  8  0 

id.ll  he  added  la  the  right  hand  side  of  (l2)-  The  initial  condition  on  (12) 
ia,  of  oourje,  dx/dt  a  0  at  t  «  0. 

As  we  nentlonei  before,  it  ir  lofficiently  a'iuo.r.to  ^o  replace  ^(t  - 
by  ^  ,  the  avaiaga  valiia  behind  shock.  The  queatl-jo  aiiaas,  howavar,  aa  to 
whether  u(t  -  xA(^)  lagr  be  replaced  by  u(t)  wi+hout  aignificrit  loss  of  accuracy 
A  aiapio  argvawnt  ehowa  that  this  can  be  done. 

One  notee  that,  to  the  first  order. 


lul.;  to  4  first  app3?oxiMr ties  for  clean  ahock.,  ■,  ,i'''rea86B  exponentially;  i.a. 


*. 


-t/* 


Vow,  lot  tie  oonsldAr  (13)  for  tha  caaa  of  -'.;ranslatlon  of  a  wan.  lha  critical 


epaad  for  injurjr  la  low  no  that,  to  tha  accuracy  naaded  Ia  aatiaating  tb« 


corractioa  tana  j/o^t^,  we  nay  aaglect  the  eff»ct  of  di/c.t  in  (12),  Thua, 


approsliately 


and  integrating  one  has,  successiTaly 
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WX  «  V  [t  ♦  ^  £ 


Bat|  ▼  (aa  raaobed  ita  naxinua,  for  all  practical  purpoaaa  at  t  x  t^.  Qiara- 


X  ^  ir 
nunf.  mof.  Y 


Banco,  tha  aarlam  valua  of  tha  corracticn  term  in  (l3)  lu 


*ma»  S£ 

u,t/  aiT" 

Since  ia  only  20  for  orlticcl  injury,  <  .w- j  oven  for  a 


■hock  trawaling  at  aonic  apaad.  Dtuo,  one  nay  igocrc  tha  correction  to 


the  ttoi  t.  Ihe  oorrection  tera  ia,  in  fact,  .v  n  -iy  uniaportant  evan  for 


T 


■  V  ■N.-.  ‘ 


■■  L, 


*i84il«8. 


FinaJ-ly,  therefore,  in  oonBlderinj  the  trnnalatlon  <r  isen  and  inissilee, 


W8  chAll  8«t 


irtMrs  dx/dt  <int8rs  now  only  as  a  correction  to  the  wind  cpead  bahlud  aliock  and 
there  la  no  tine  delay  Involved  in  the  evaluation  of  u(t). 

■Oil  v«  Viah  to  consider  the  solution  of  (14)  for  the  free  tranalatica  of 

■en  and  Biesilee.  It  is  expected  that  u(t),  Uie  applied  vlr,d  load  will  wry 
with  tine  in  such  a  my  that  (i.4)  will  not  be  directly  Into^abls;  hence  we 
need  an  approxlaate  t«'chni(ius.  It  tumn  nut  tnat  if  u(t)  is  linear,  (14^  is 
Intefrable.  Thus,  we  shall  approzimate  u(t)  by  u  sequence  of  liiMar  strips  of 
the  fom  u(t)  «  u^(b  -  a'^),  where  T  =  t/t^,  =  (hirstdon  of  the  positive  phase, 

and  u^  ■  peak  wind  speed.  For  each  portion  of  the  positive  phase  we  ahail  uae 
properly  selected  '/slues  of  a,  bj  i.e.,  a^^  and  b^.  At  the  present,  however, 
we  shall  carry  through  the  intetpration  for  general  values  of  a  and  b  and  then 
oo.isider  a  specific  case. 

low,  eettiag  u(t)  »  u^(b  -  a^)  in  (14),  and  letting  u  -  dz/dt  = 
u  -  l/t  dx/'d"!^  ,  we  hove 


Thus,  (14)  beoGsee 


t/r  ' 


with  ^(0)  w  u  b,  Wie  Jntearntee  to 


k 


,  . . -  y  ^ 


)i 


•  ,a 


M.i.  .  -  4>»^  -  -< 

I/.  F-  -.  r 


«bt»«  1«  s  bODvt^t  of  inta®rattor.  If  v»  set 

D- 

2  tv 


r-c 


(/  «•  / 


SolTlac  for  ^  umI  sottloc  (p  *  \x  -  l/t^  di/dT  ,  on*  baa  aftor  a  sooond 
iat«(reti.an 

(17)  -  i>"-  <•  tty  I  CM  JSZ  f^;-r)|  >  c, 

’  I?  •  I 

vbart  la  A  aacond  cooatant  of  intosratlon.  Ap  fcsaulAi  (16)  and  (l?)  aay 
ba  uaad  for  tha  auocaaaive  lotagration  of  (14)  whan  u(t)  ia  apin'oxlBAtad 
piaoa-«laa  bT  Hnaair  atnpa. 

Aa  an  anapit  of  tba  integxmUon  of  (14),  aa  taka  tiia  caaa  of  a  claan 
abode  abara  u  ■  u^(l  ~  Vo  approxiaat*  u  by  x«b  pioca-aiaa 

llnaar  atilpB  of  tho  fora 

-«4(V)- -  (b,-ar)  /»^a/o 

tba  {ropar  «aluaa  of  a^  and  «r«  fdv«r.  in  th*  Ubia  baloa. 

TObla  4 


1.86 

l.OOC 

1.59 

.  ??>-• 

1.56 

.9^70 

1,17 

.87tXI 

.990 

.7980 

.350 

.71SO 

■'IC 

.£460 

.592 

.5654 

.491 

.482^. 

.407 

.4CW- 
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» 

h- 


< 
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( 
t 
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sayatiOEB  (l6)  and  (17)  ar«  applied  piace-vdee  to  tbe  epproxlaatioo  for 
u(T)  to  obtain  (p(t)  and  i{t).  dx,^dt  is  thon  obtained  frca  ^  and  plotted 
SfidJist  1  for  various  values  of  P-  Tha  results  are  ehovn  in  ?i*«r*s  2,  3»  4 
and  5.r 

As  «e  hare  noted  uefor?,  Tree  uieplacagieni  is  probably  cot  an  lapoitant 
coriaidaratlon  mth  personnel.  IS  less  one  ai-“  r  i  en  initial  UJtin^  force  to 
the  blast  wave,  the  etandln^  nan  rot  itea  under  frictional  forces  and  hits  the 
•round  after  traveling  5  feet.  Ibese  free  displaceoent  curvee  are,  however, 
useful  for  aoaputing  nisaixe  speeds  and  then  will  be  useful  for  coeputation 
of  dLaplaceeant  of  personnel  if  it  ehould  happen  that  lax  Analysie  of 
weapon  blast  fielda  ahows  a  lifting  force  with  prtcurser  type  wavee.  The 
aisslle  prohlae  will  be  considered  in  acre  detail  ir.  the  later  stagea  of  the 
"earlrofMotal"  contract.  Ae  of  now,  the  aigsile  problea  appeerw  to  have 
little  ioportance  erc.pt,  pertupe,  for  casee  of  pereonnel  confined  in  rooM. 

1b  illustrate  the  uee  of  the  curves  we  shall  take  an  exaxpla  froa  The 
Mkawuod  Seport^^^.  he  take  the  example  (Page  25)  of  the  steel  spherlcvC 
wiasile  exposed  *0  0.6  pet  dynaai:  '  rerrreeaire.  Here  the  dreg  coeffidei't 
ie  rather  well  knoe^o.  It  in  about  0.4.  The  other  pajaaeterw  are 

-  0.6  pex 

u  «  247  fl/eeo 

0 

*  -  .151  greao 

^  -  .09  #/fr 

A  -  r^  -  1/  16« 

itie  ylsiils  i  -  2.4.  Rifen-'.ig  to  Figure  4,  ve  find  (dx/dt)  ,  «  .27  «  ■ 

BSLa  0 

67  ft/eec.  The  report  glree  sr.  STwnwre  velocity  or  TO  fv'eec  for  5  rjrlj 
■isoilea.  Since  the  aeavMrcd  rpeed  can  be  ae  '  <  cf  the  aaxlwji 

■peed.  tn>  ^reateet  valui^  cf  the  eeaeured  ■>peed  co'..d  have  been  an  >^gh  as 
7®  Do  any  ersT.;,  the  r^-eewent  1"  gool,  perhaps  f ■'rtuitousXr  so. 
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Th«  bulk  of  th«  4vallabi«  <J«ta  oi.  blaat  inj  ixy  tc  arui  and  aniiials 

la  laborstorj  dnta  tcJceoi  lor  th«  aoat  part  vith  a.i.c«  and  othn  aoall  aniaals. 
Hm  axlating  d/'+a  tor  itn  do  not  .ontribate  much  to  uh*  prac-snt  ■-•'daratanding 


of  tht  tachanien  of  diract  biaat  tnj-j  yi  howvar,  tha  follo»(ir4[  t»o  partio'.*- 

Isriy  irpsrt«it  f«atur«e  ar«  tc  b*  ri''ticec3.  In  an  analyals  of  200  paraoiM 

(4) 

aubjactad  to  tha  bl.^t  fro*  a  high  arploeive,  Barrow  and  Shoada  diacovei^ 
that  thoaa  persons  who  siirvi’-ad  for  tO  min'.iee  racovarsd  and  that  in  alroat 

arary  caaa  injurad  par8or;fl  eufferad  fron  extra*®  fatigua  ond  were  liatl^,.^  and 
apathetic  fwr  au  extended  period  after  the  Tor  Um  a*. at  paxt, 

thaaa  and  other  incapsoitating  eTxptoaa  disappaarnJ  at  U:«  vod  of  24  hours, 
llthougfc  not  all  exposed  paroona  suffered  earious  to  fatal  injuries,  injnry 
to  tha  aardiua  «aa  an  alaost  ualveraal  effect,  Daafneas  fro*  such  injury  can, 
of  c.>uraa,  parelai  ior  daya  to  weeks  but  is  not  Incapacitating  for  specific 
joba  In  which  haarlcx  is  not  aasantlal. 

in  iaal  data  taken  under  controlled  oondit-'one  are  aoaawhat  aora 
stiaa  aa  far  aa  the  ohraical  ef^ecta  of  bl^et  are  ^oncamad.  For  alca,  rate, 
xmMlta  Bia'  do>fa,  the  fellcwing  effects  of  bimt  have  been  obaerrad  in  alaoat 
•rary  caaei 

1.  lAiBg  hsHorrhivge 

2.  I«a3g  adaaa 

3a>era  reapiratcrr  e:f-*:t» 

4,  iir  e*bolisR  ti’  cases' 

5.  Iteage  to  oer-.nl  r»rvcJS  arete* 


6»  SuperflaUl  ^ck 

7*  IncTMM  In  Innff  •dean  vitto  t^aatBCSt 

8.  '*Rib  anDdctneu* 

9*  A  aaoxonoopilaBlly  heart 

10«  fillltatioa  la  vantriole 

U*  AMoBlnal  iMloos,  ruptu:'^  and  haao5:r*-"go  vULdh  appear  to  depnid  on 
the  gas  content  of  the  parti  .'alar  org^n. 

12*  A  fairly  large  dependc*'^  of  effect  on  the  duratiea  of  blast 
overpressure. 

17.  %o  signlfloant  effect  cu  the  chealstry  of  the  per3;3ieral  olrculatcry 

ejrstea. 

14.  9>e  failure  of  the  severely  injured  anlnal  to  atteept  iid»lation  uhich 

results  in  cyanosis  of  varying  duration. 

(k\ 

9ie  foUovlng  exp^rlaent'^*^  is  thoujiit  to  be  the  aost  indicative  of  the 
predoadsant  effect  in  blast  injury.  In  this  experleent,  alee  are  constrained 
to  a  Tsrtloally  fixed  flat  plate  and  ar^sad  to  the  blast  frost  a  fixed  vei^i 
cf  nigh  e^loelve  at  vazyJrT  dlstarr^s.  In  each  oase»  the  hsiao^obln  content 
of  lung*  the  lung  eel^t  and  aortality  versus  distance  are  given.  AH 
aloe  vitb  lung  eelghta  In  exoeee  of  a>775  ag.  died  and  all  tixtae  vith  lung 
eelghts  leee  than  280  ag  lived.  In  the  reginn  of  Ivog  vei^t  fT'ei  280  to 
775  ag*  approziaately  79^  died.  Vith  raepeot  to  tbs  hMoglobia  content  of 
the  lungs*  all  those  nioe  ehose  hsnoglohin  content  vas  in  exoftsa  of  «  8  ig. 
died  ehile  all  -Oiose  vith  leaa  than  ag.  lived.  It  should  bo  acted  that 
althouiit  the  distsaoe  eel  blast  overpressure  vere  the  enss  in  atjtf  eease* 
death  ooourred  only  as  deiionbed  above.  In  the  nsst  eo^erlnent*  the  nloe 
sere  exposed  to  blast  in  a  ebook  tube  ebere  vei-*  pn'tions  of  the  aidmle 
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w«r«  sh3.«]rl«(i.  Her*  the  lung  al'ter  blast  depanda  cjuit«  haKVily  on  tea 

region  jnxtecced.  When  the  head  is  shielded,  the  lung  wei^  £  is  greatly  re¬ 
duced  fron  bhat  fox  the  'melielded  andsnls,  A  thoracic  shieli  appesTS 

slidiitly  to  increase  the  I'mg  we-*eht  over  that  fOi*  the  uxushi-slilea  snitnala, 

(b) 

fhe  report'  gives  thy  r®.  rionsnip  between  lung  welgjsc,  ssjrtality  and  shielding 
for  a  largs  uuBiber  of  casee.  Hare  the  ardrne'e  idth  bead.  Bhieldi,;^  aurvivod* 

for  the  aost  part  idiile  all  the  uap.^'otected  aniaais  autl  llu*  wfieo  with  tiiOi'acli; 

9hl  a  all  died.  The  ehieldo  were  and  did  not  contact  the  erJjnal** 

so  that  the  protection  afforded  was  from  the  direct  impact  of  the  blast. 

It  appears  that  the  above  experiment  combined  with  uv;  lack  of  other 

genial  tendencies  indicates  that  the  prlmazy  effect  of  blast  is  damage  to 

the  central  nervous  system.  Unfortunately,  the  animals  were  constrained  in 

those  experlmenta  eo  that  tbs  conclusion  may  be  restricted  to  this  rircuz&stance. 

(a.) 

It  is  mentioned  in  tne  report  '  that  swollen  i>»ge  ase  not  often  oberr'.'’d  in 
unconstrained  blasted  luloe,  even  in  the  lethnl  cases.  However,  no  data 
are  given  to  support  the  ooncluslon. 

It  has  been  suggeete.’  by  sev*.  il  obsarvere  that  Itang  edema  is  produced 
by  Injuiy  to  the  hypothalamus.  Ho  data  are  given  to  support  this  conclusion. 

A  almllsr  ssrlss  of  experimejite'^^  were  crrrled  out  by  the  earns  author?, 
where  the  mice  were  not  rigidly  constrci’'e'l.  Theiy  compel ed  the  lung  damafv 
(heaorrbage)  la  radi.ated  (6Cv/  r,  250  v.  x-ray)  and  unirradlated  alee.  Ihey 
disoovered  that  the  amount  of  lung  darage  wee  the  same  for  both  the  Irradlntod 
unlrrsdiated  aic«j  but  vbil  ilio  ixioilialwu  i'U.oa  billsu  aA>x-t>  wa.'ti.ly 
than  tho  unirradlated  ibIc*. 

*  5  dead  out  of 

**  C,3.  Vnit#  olaiisi  that  this  is  not  true. 
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In  the  case  of  tuximalR  which  are  erpoeed  to  blas'c  aoJ  die  quick ly,  d&ath 
in  general  Is  cot  due  to  hmg  edema,  but  rather  to  extensive  nenorrhoge  and 
rupture.  It  is  auspicted  that  If  they  cau’d  be  made  to  eurvi've  those  et  facts ; 
tViey  vould  eventuallT  die  of  lUIV^  ^detia.  In  ary  evert,  it  appears  that  in.iury 
to  the  central  nervous  eyaiit.  ploys  a  lole  in  blast  Injury  to  aniaa''8. 

(7^ 

according  to  the  report  _  peak  ove''-  :  '  ure  of  35  p®!  required  to 
produce  serious  injury  tc  persons  o..poeed  to  blast.  This  masber  is  consistent 
with  an  estimate  by  C.S.  baoed  on  the  data  precentod  be'Iov. 


Table  2.1 

OvsrpresBure  In  FSI  for  Inaicaied 
Mortality 


Animal 

Species 

Incidcn 

t  Reflected 

Incident 

5C^ 

Reflected 

Incident 

99< 

Ref  lei 

Mouse 

7 

20 

11 

30 

15 

44 

Rabbit 

9 

25 

12 

33 

13 

44 

Guinea  Pig 

28 

13 

17 

in 

Rat 

10 

25 

14 

39 

18 

53 

Man* 

,10 

35 

40 

50 

55 

ofi 

*  Bstifflate  baaed  on  animal  data. 

It  should  bo  noted  t>  t  in  th  above  data  the  aniianl  vaa  subjected  to  Noth 
the  incident  and  the  reflected  wave.  Since  the  reflected  overpreeaure  ejceeds 
the  incident  c  ci'preecure  it  is  clear  that  th»  peak  o’/erpreooure  in  the  abeve 
cases  ia  the  reflected  cirerpreeeure. 

Dr.  Caseen,  cf  aleo  agrees  that  35  p*’  eb^ouc  U's  corrbvt  lethal 

overp-reesure  for  unecnetredned  aniaalo.  He  hae  soejs  dieagreejoent  with  Dr. 
White  on  the  effect  of  huad  khieldir^.  “ds  dlaagieeasct  ic  net  eognlficant 
se  far  aa  our  interssis  ge,  however. 

We  oenclude  that  h  pf&k  overpreeaure  cf  35  pel  le  reovdred  to  proiu-e 
aerioua  '  ft.tal  'tre-'-t  blast  injuries  to  sj.  j\  '  -ecjinel  and  that  all  eudi 


jnjuiid  •.  ■sreoanel  will  it,  inccpieitsted  for  a  p»  .od  of  about  14  ,,.ure.  P>r  yie.", 


I 

i 

\ 

*11  Beraotfio'!  vho  Slrsci.  injuri*o  for  *  psrlo'!  of  ono  hovir  vtll 

iorvlv*. 


APPSQIX  A 

THB  VAHIATICa  0?  u(t)  ITO  p{i) 

BKarro  tbe  shock  frkt 


12] 


THB  VARIATKW  OP  u(t)  AID  /e»(t) 
BSBUiD  TBS  SHOCK  PSOVF 


ThAs*  nr  nad»  imder  tbcr  follovang  assumptlcQSt 

!•  Tbe  flow  brMxi  th«  ^ock  <'roat  Is  adlabstio  and  isc^tzoidc 
2.  Iba  ^ck  Yarlablt '  ara  a  function  of  diatanca  behind  the  dxock 
frcnt  In  a  coordinate  eyatem  movinf  with  the  sbock  f]raat> 

Both  of  these  aoeusqptlona  are  aufl'lciently  accurate  for  our  purposea.  It  is 
clesTi  of  course,  that  the  shock  intensity  decreases  ce  the  shock  Boves  outwards 
and  (2)  is  not  etrlctly  correct.  This  variation  is  alow,  however,  cosqparrtd 


to  the  vote  of  deeraase  of  the  Shock  panuneterM  of  int*.*.-'*;*;. 


p  m  stagnation  pressure  behind  ehodc 
•  stagnation  density  behind  Bhodc 
a  m  stagnation  sonic  speed  tehind  hhodc 

B 

V  V  parti  cle  apeed  behind  sliock 
K  a  Kach  number  behind  shock,  with  M  •*  Initialljr 
(just  behind  the  shock). 


In  a  coordlivita  systf-t  flxad  "Ith  respect  to  the  ground  let 
u(t)  ■  pertlcle  epeed  behind  shodc 
■>  ehock  propegatlon  epeed 

N.  «  TT /c^  ehock  propagation  Kaoh  nusher,  where  C  Is 

000  w  0 

N  .  • 

ambient  eonle  apee'i^) 

I  ' ' 

In  either  coordinate  nysten  p  «  pv.p-.:  '_(]l^) .»  p(t)  is  tiis  pressure  behind 

1  '■'f. I 

shock  where  x  <■  dietance  from  shock  front  (neentive  msasured  frm  the  diode 
frrat)  in  the  coordinate  eyntem  fixed  with  xvt'peot  to  the  fror.*  and  t  is  the 
tine  after  passags  of  the  enock  front.  Siollfcrly ayoCt)  as  ^ 
dsDsily  behind  diodk  and 


4'  ^ 


-  u(i)  =  -  u(-x^'n^) 

C(-x^)  >r  aonio  speed  b..'J''.d  the  shod . 
Sow,  by  definition  of 

-  J'::  (,*lzi 

C*  ,  i  '  z  ‘ 


or 


(1) 


'  *  V"  ^ 


(^\ 

\^f 


Usinf  the  adifibetic  lav  and  asevndn^  isentropiD  behaTlcr^  one  has 


and 


(3) 


y-,' 


f  /  ♦  S_Li.  M 


Uein*  (l)  we  find 

(*)  _ -  — - - i _ 

•qofition  (4)  flrM  u«  the  basic  relation  between  H  in  tHe  sorlns  aystw  and 
u(t)  in  the  CTO  usd  eyetes. 

Sow,  the  beet  experiBental  field  del.  >3  ehoc'.  ;ropertdw  the  data  on 
OTtrpreeeure  rereue  tiae.  tfe  ahall  confine  the  dlecus.eicm  to  clean  chocks  aud 
use  tfte  eapimcal  overprsasare-tiae  mirre.  detersloed  bj  field  asasurr^ta, 
to  derive  the  varlatioc  of  ^  aol  u  hehlad  ebock.  Thwi,  om  Las  eapirioally 


where  jv,  -’s  the  eta  tic  ja^eeure  ;uet  behind 
dm  1*1  c:-. 


ViJ 


rd  t  la  the  poadUve  phsea 


A-2 


■bv 


Sobatitv.tln*  for  \  <-  y-l/2  n  fix  (4)  and  ^5)  and  \f>)  obtain  for 

u 

'l‘  _  r  .  ,  - . ,  f/  ,  ■ 


(7) 

vbarii 


r».  /*'  t  2  '  J 

la  tha  atacnation  praem<ra  Juut  bahiml  shock  am 


/* 


la  th#  wariiw  particle  velocity  In  tha  ground  systsst. 
Sksllaxly  from  t?) 


(9) 


,,  ft) .  -  fi>.-»-ft)€'^>o-MtJ ) 

(  '  '  i  f»,  J 


I  4 


vhsra  ia  the  oaxiMUi  dcosltr  behind  ahodc.  'Waa,  (7)  and  (8)  give  oa  the 
«*«\red  vmrlatioc  of  vi(t)  id  yO(t'  an  a  functicn  of  tha  aeaaurad  ovarprai'suro 
vailatiao. 

ngaraa  A.l  and  A. 2  show  and  ^/^'.  plotted  va.  t/t  .  cofipxriaon 
purpoaoa,  tha  fieiotloo  (l  -  Vi^)  €.  i'.  ahoim  plotted  ca  A.l.  It 

1?  clear  that,  *0  e  fr>od  approrlBatioi.,  w-i^  iaclinaa  as  (1  -  t/t^)  t  ~ 

Trrr  ccasrasiaaoe  of  tha  c-wder,  the  ocaputaticiaej  valvaa  of  >  hA  and 

’♦ 


.,/c.  -►ire  glTTO  in  Tahl*  A.l  for  a  uhfxA:  of  10  pai  ovorT'-es.roia. 


Okia  notae  'ha  alightij  loar«r  poaltl''a  dvraticn  cf  tha  vlna  u  orapired 

to  tha  dumtion  of  tha  ov.yeaaua. 


fchould  also  note  that  ±t 


I  < 


I 


vtoro 


A 


is  the  anbient  density. 


chan 


1 


/O.  _  {Y-i)r1^ 

/*»  ('ir-')  >'’/  +  .? 


X  '  /c  ”  Malta  otmber  of  ebook  frcnc, 
0  0  a 


5abla  1.1 


Taluaa  of  u/u^  Ind  Compit^  on  the  Aaeuaption 


ftftt  lha  OverpTwaaura  PoIIov.tj  the-  Las 

■=  p,  (1  -  t/t^)  ^  *  ■'  “■t-  (10  pel  shock) 


t/t 

(1  -  t/t^)€. 

U./Uo 

p!  /o. 

c 

1.000 

l.XO 

l.OGO 

1.4-16 

,? 

.655 

.561 

,896 

i.'iO 

,4 

.402 

.4.'.5 

.820 

1.19 

.6 

.220 

.244 

.763 

..10 

.6 

.090 

.113 

.720 

1.04 

:.o 

.COO 

.022 

,591 

1.00 

1.2 

-  .C60 

-  .045 

.t'O 

.97 

1.4 

—  .072 

,557 

,95 

further,  one  obould  cote  that  if  a-  avare^  va.lu»  of  i®  used  In 

tl'  calculation,  reiy  lit+la  error  elil  be  aade.  Tnus  in  the  exanpl'*  abo*'*, 
one  aould  eat  »  1  22  and  \itt  ^  Instead  of  ,  Ihvis,  in  our  trane- 

’  '  0  f'  0 

latioa  calcv  Utione  we  have  need  ^  to  eiapllfy  me  procodaie  Ihe  error  In 
so  dolnc  is  not  ei^iif leant . 
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TV.  CCKBIKtO)  IHJURIBg 


In  this  ChuptST  v«  consider  tbs  coi&blned  effect  on  iwraotnel  of  ruclea?.* 
radistionr  theroal  radiatt-jn  and  blaet  txoit  the  detonation  of  -t  nuclear  wcinpon. 
31nce  this  report  la  concerned  biu  Ically  with  caflrunlties  fro%  an 
point  of  view  rjither  than  frcm  a  medical  point  of  new,  our  discussion  will 

be  Appropriate!;^  lialtad.  Specifically  we  shall  consider  only  those  situations 
for  which  n'*  eiUffle  type  Injury  Is  lethal  or  seriously  incapacitating,  but 
where  a  ooabinntion  of  two  or  imore  may  be  so.  Ve  shall  show  that  no  clars  of 
ooBbined  Injury  is  Importoit  except  themal-nuclear  in jusy.  It  should  be  r  >ted 
that  oonslderatlons  here  are  limited  to  typical  si  tuatloiun.  Ho  doubt  certain 
biaarre  environmental  cocdltlone  may  arise  for  mich  other  classes  of  conbindd 
injury  may  be  Important.  However,  It  is  felt  that  the  occurrence  of  such 
dtuatlona  will  be  relatively  unusual  so  that  they  may  reasonably  be  ne^ected 
here. 

Ve  shall  first  rtiow  that  oombined  injuries  which  involve  blast  injury  may 
be  selected.  How,  blast  injury  is  dsvided  into  two  categtndes:  direct  blast 
injury  and  indirect  blast  onji.cry.  Por  the  case  of  direct  blast  injury,  that 
is,  injury  which  rssults  fsom  a  sharp  Increase  of  the  static  pressure,  ve  find 
Zrtm  Chapter  XII  that  all  personnel  who  receive  cerlous  injury  are  incapaci* 
tated  for  about  24  hours.  Less  serious  injuries,  sich  as  eer  drtoi  rupture,  do 
not  appear  to  oause  Inoapacitation.  Further,  all  deaths  which  occur  will  pro- 
bsbly  occur  rlthln  one  hour  and  all  injured  survivors  will  reoover  to  r.jmal 
within  the  £4  hour  period  of  inoapaoitaiiou.  Thera  is,  no  doubt,  a  raaage  of 
dlreot  blast  injuty  for  which  thw  *.bove  general  statetaants  do  iiot  apply) 
howovsr,  nil'  the  data  Indioates  that  the  greater  majority  of  cases  will  fall 
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outiide  this  Ttaiga.  combined  ia^turles  which  involve  direct  blast  Jn^uiy 

fall  two  catagorioe,  those  tajtxrlea  for  which  the>  injury  elcne  is  sltoer 
lethal  or  seriously  djacapaciiatin^  and  those  for  which  the  inj'ny  is  reletiTBly 
iftinor.  Accordizigly,  combined  inj‘”>'ies  which  involve  direct  blest  injtcry  are 
not  importent  from  an  opera*.  ?nal  point  of  view.  In  additLon*  persomol  who 
are  exposed  both  to  the  thexnal  fie’d  and  to  'he  direct  blast  field  zeseive 
cither  an  cvertd.elaing  ihenDal  dose  or  an  overwhelming  Tf-rsj  dose  ^t  blast 
levels  which  could  cause  direct  injury  {35  P^i)  •  Ve  draw  a  eimilar  oon:ilUBlon 

for  indirect  blast  injury,  that  is,  injury  which  iraeults  txm  flying  debris 
and  from  personnel  being  thrown  to  the  ground  or  against  irigil  objects.  As 
indicated  in  Chapter  II,  flying  uebris  resulting  from  the  wind  behind  the  shodc 
front  is  not  an  importent  casualty  producing  agent.  Thus,  we  need  to  oonaldor 
only  those  injuriss  which  result  from  personnel  being  thrown  against  the  grouxki, 

Jt 

eto.  the  only  injuries  brought  about  in  this  manner  which  are  not  ooncidered 
to  be  minor  are  bone  fracture  and  conetission.  Injuries  of  this  type  are  at 
best  sex'iously  incapacitating,  particularly  when  more  or  less  Imnediate  icedical 
attention  is  not  available.  It,  t..ererore,  follows  that  ooisbined  Injury  involv^usg 
indirect  blast  injury  need  not  be  considered. 

Conbined  themal  radiation  injury  and  nuclear  radlatlQn  injtay  in  accordance 
with  the  VT®cedlng  paragraph  is  the  only  -rlass  of  ooabinsd  injury  we  have  left 
to  oonsider.  Vhether  or  not  this  class  of  conbined  injury  will  ansosM  a  8lg> 
Blficant  role  will  depend  greatly  on  the  particular  situation,  nat  in;  the 
effect  of  shielding,,  clothing  and  evaaive  tactlos  on  the  extent  of  thermal  in- 

juxy  is  q[alte  pronoiirood.  In  the  case  of  oompletoly  exposed  peruonnsj.  la 
eunsr  clothing  who  employ  no  evasive  taotios,  combined  themal-nuolear  Injury 
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will  not  play  a  Bigniflcant  role  for  weapon  oifcea  in  ©xcesn  of  afwut  I'j’  "Si,  fiaic 
Ic  >2lear  froa  Table  1,  atuce  iuBfiOdiate  iiicapacital'.on  occui-e  for  unp^ot<^ct«d 
peXSOEnol  miO  are  exposed  to  20  cal/cm*'  or  more  ■aiersaal  Bnerg;'  artd  aini  o  240  roas 
la  regarded  aa  the  niniaum  c  ’•ount  ci  nuclear  radiation  required  to  produce  coy 
nuclecr  indiation  injury.  Further,  it  la  deer  that  ahielding,  he^'/y  c3.othiiQ#: 
and  evaaive  tactica  will  tend  to  make  thersial-miclear  injury  impcrtent  at  higher 
weapon  yields ,  The  effect  of  ehielding,  heavy  clothing  and  evasive  tactica 
not  propirly  fall  within  the  confines  of  tWa  contract  and  will  be  con¬ 
sidered  in  darAi.l  under  anothei-  contract. 

Table  1 


Weapon  Yield 
Kilotcne _ 


Ihiclear  Radiation  Dose 
_ 'IBK'a _ 


2 

4 

10 

20 

100 

lOOC 

10000 


>1000 
>1000 
443 
^  240 
4  240 

<  240 

<  240 


.tn  Chapter  II  of  this  ;^<:pcrt,  lii9  effect  on  personnel  of  the  thexnal  )adi»~ 
tiou  fA/ffl  nuclear  explosions  ia  diacusaed  in  detail.  It  is  ooncliided  that 
whole-body  bnme.  vill  be  relatively  rare  and  that  such  bums  will  be  issnediately 
incapacitating  in  disaster  situations  ulncj  prompt  medical  atteuvion  will  be 
unavailable.  In  the  case  of  2^  whole-body  bums  it  ie  chowc  that  If  the  face, 
legs  or  the  bfidr.  of  the  hands  are  extensively  involved,  then  total  incnrocltai- 
tdoD  will  occur  within  about  5  hours.  Further,  8srlnr«  inoapeicitation  will 
occur  more  or  less  liscpdl-itoiy.  Accordingly,  combined  thermel-'uudear  injury 
is  important  cnly  for  those  situations  whort  the  thermal  injuxy  doss  not  in¬ 
volve  the  v.ritioal  areas  mentioned.  Turly  incapac  -?•.  on  from  2®  irtiole-body 
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burns  is  due  to  hypovolwic  shock  and  will  occur  sccordin(;  to  Table  2  below 


Tali.e  2 

Time  to  ayp»^Jolealc  Shock  yersua 
Percent  Boc-"  Area  Liiraed  for  Median  TP  Bums 


Body  Area  '^me  to  Shock 

Percent  Houro 


10 

15 

20 

25 

30 

40 

50 


(53)* 

25.3 

17.2 

13.1 

10.7 

7.6 

6.2 


*  Shock  does  not  occur. 

Kow,  the  darwi  on  combined  thermal  and  ruclescr  injury  is  sc^.t.  Fisures  1, 
2(  3  and  4,  ho  evert  show  the  general  features  of  the  poroblos.  The  data  are 
teken  on  rats  with  an  LIV«50  of  about  700  r.  One  notes  that  there  is  little 
increase  in  deaths  versus  dosa«:e  until  the  500  r  level  is  reached.  If  the  bunan 
is  taken  at  550  r,  (iiorefore.  the  human  level  correepondio^;  to  500  r  in 
the  rat  would  bo  about  400  r.  Thus,  the  serious  affects  of  combined  thermal^ 
noelear  injury  appear  only  at  relatively  hi^h  nuclear  doaaics. 

Adds  from  the  effect  of  the  combined  injury  on  esriy  fatalltlee.  which  is 
shown  clearly  in  the  Tl^urea.  very  little  can  be  sail  quantitatively  about 
oaaea  of  oon-lethal  oonblned  thenuil-nuolnir  injury.  This  arch  can.  however, 
be  aaid. 

1,  Referring  to  Table  2,  the  155C  to  20!<  whole-body  bum  combined  with  400  r 
of  redintion  would  undoubtedly  bo  fut.il  to  the  human  in  48  hours  unless  intra- 
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v<»n«ou/*  fludd  tfcerajr?  «sro  avrdlable*  end  khl«  -in  not  Itksly  t  j  be  avallab.'o 
under  4la»>otor  oon.’itdont).  40o  r  la  enough  to  s«”ae  na^iaea  anl  to  pT-emit  oral 
therapy. 

2.  i  radialion  doae  Wi".l  incruaae  the  Buscoptability  to  inf  ection  for 
eanller  anm  burns. 

3.  Ifei’Jsea  with  eonaequent  oral  fluid  less  wail  decrease  tno  time  to  shock. 

In  emaAiy,  the  data  on  coiabined  the:mal-nuclcar  injury  are  sparse .  How¬ 
ever,  before  the  day  of  the  use  of  intra.enovs  fl  r  d  th«:’-u)>y  in  LrcMynent  of 

huann  burn  cases  about  1/2  r>f  the  bum  cassn  airiived  a  33/-  reeond  degree  ai^a 

bum.  One  notes  that  this  is  also  true  of  the  rats,  'fhe  I'lnins  who  wont  ir-lo 

shock,  however,  undoubtedlj-  had  specific  troatmeut  for  rmock  syrptems.  In  any 
event,  the  lat  lata  are  presumed  to  apply  appro j  isately  to  hvmana. 
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